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ASTLEY    COOPER 

By  SIR  CHARTERS  J.   SYMONDS,   K.B.E.,   C.B.,   M.S.,  Consulting 
Surgeon  to  Guj^'s  Hospital. 

PART  I 

The  nation  cannot  know  too  much  of  its  great  men ;  from 
their  Hves  we  may  gather  lessons  of  no  small  value.  In  estimat- 
ing their  services  we  are  not  to  regard  merely  the  direct  accession 
of  knowledge  which  has  resulted  from  their  indi^^idual  labours ; 
we  must  consider  the  influence  they  exerted  over  the  minds  of 
those  around  them,  and  the  effects  of  their  writings  and  examples 
in  stimulating  others.  The  life  of  Astley  Cooper  affords  an 
example  of  great  industry,  of  temperance  in  all  things,  and  of 
the  importance  of  independent  enquiry.  He  claimed  no  special 
gifts ;  he  was  certainly  not  a  genius,  nor  had  he  the  philosophical 
mind  of  his  contemporary  Abernethy.  "  My  own  success,"  he 
writes,  "depended  upon  my  zeal  and  industry;  but  for  this 
I  take  no  credit,  as  it  was  given  to  me  from  above."  To  what 
use  he  put  the  talent  committed  to  him,  it  will  be  the  purpose 
of  this  sketch  to  show. 

He  was  born  on  August  23,  1768,  at  Brooke,  in  Norfolk, 
where  his  father  was  rector.  When  about  fourteen,  Astley 
Cooper  saved  the  life  of  his  foster-brother  by  the  timely  apphca- 
tion  of  his  handkerchief  as  a  tourniquet ;  he  had  met  with  an 
accident  and  was  bleeding  from  a  wound  in  the  thigh. 

He  had  just  completed  his  sixteenth  year  when  he  was  sent 
to  London  in  August  1784,  and  apprenticed  to  his  uncle,  William 
Cooper.  For  various  reasons  he  did  not  reside  with  his  uncle, 
as  apprentices  usually  did,  but  instead  was  placed  with  Mr. 
Cline,  Surgeon  to  St.  Thomas's  Hospital,  a  circumstance  which 
proved  of  great  importance  to  the  future  of  the  young  apprentice. 
At  this  time  Astley  Cooper  was  a  tall,  handsome  youth,  rejoicing 
in  good  health,  high  spirits  and  a  great  capacity  for  enjoyment. 
For  a  time  he  revelled  in  the  attractions  of  the  great  city  of 
which  he  had  heard  but  never  before  visited.  Put  his  sense  of 
duty  soon  compelled  attention  to  his  studies,  and  here  began 
the  wise  influence  of  Mr.  Cline.  The  boy  had  never  expressed 
any  special  leaning  towards  the  profession  of  medicine,  so  it 
was  quite  an  open  question  whether  he  would  take  to  it  or  not. 
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Cline  no  doubt  oauged  the  tendencies  and  cliaracter  of  the  lad, 
and  set  him  a  task  in  dissection  which  put  liini  on  his  mettle. 
The  performance  was  successful  and  the  young  student  seems 
at  once  to  have  grasped  the  importance  of  the  subject,  and  from 
that  time  became  an  ardent  anatomist.  No  doubt  Cline,  as  he 
watched  the  progress  of  the  dissection  which  was  made  in  his 
own  house,  pointed  out  the  meaning  of  the  structures  exposed 
and  directed  the  young  observer  to  lurther  enquiries. 

With  Cline  lived  his  mother,  a  lady  of  wide  intellectual 
interests  with  whom  Astley  spent  many  hours,  and  with  her 
and  the  family  he  became  a  great  favourite.  In  the  dedication 
of  his  work  on  Hernia  he  gratefully  acknowledges  his  indebted- 
ness to  the  good  influences  of  Clinc's  household.  Within  a  short 
time  he  was  transferred  at  his  own  request  to  Mr.  Cline,  with 
whom  he  continued  to  live  during  the  seven  years  of  his  appren- 
ticeship. This  was  a  change  of  prime  importance  wiien  the 
two  surgeons  are  compared  as  IMasters.  ]\Ir.  Cooper  was  a  fair 
anatomist,  but  as  a  surgeon  rather  followed  traditional  lines, 
and  was  too  set  to  take  up  the  newer  teaching  of  Hunter.  He 
indeed  said  that  he  never  could  understand  Hunter  and  usually 
went  asleep  at  his  lectures. 

Cline,  on  the  other  hand,  younger  by  some  years  (now 
aged  thirty-eight)  was  progressive  and  an  ardent  admirer  of 
Hunter.  Apprenticed  at  seventeen,  he  was  twenty-four  when 
he  attended  Hunter's  first  course  of  lectures  in  1774.  He  had 
thus  had  for  seven  years  one  of  the  older  Masters — J.  Smith 
at  St.  Thomas's,  and,  as  he  writes  in  his  second  Hunterian 
oration  delivered  in  1824,  when  seventy-four  years  of  age,  "  I 
had  been  for  some  years  in  the  profession  and  was  tolerably 
well  acquainted  with  the  opinion  held  b}^  the  surgeons  most 
distinguished  for  their  talents  then  residing  in  the  Metro})olis, 
but  having  heard  Mr.  Hunter's  lectures  on  the  subject  of  disease, 
I  found  them  so  far  superior  to  everything  I  had  conceived 
or  heard  l)efore,  that  there  seemed  no  comparison  between  the 
great  mind  of  the  man  who  delivered  them  and  all  the  individuals, 
whether  ancient  or  modern,  who  had  gone  before  him." 

He  was  a  personal  friend  of  Hunter,  and  for  ten  years  before 
Cooper's  arrival  had  iml)ibed  his  teaching. 

Cline  also  followed  Hunter's  experimental  methods,  and 
here  again  led  his  apprentices  onward. 

"  As  a  surgeon  he  was,"  says  Cooper,  "  cool,  safe,  judicious 
and  cautious,  in  anatomy  suflieicntly  informed  for  teaching 
and  practice.  He  was  a  man  of  great  courage.  To  me  he  was 
always  kind.  He  was  a  great  admirer  of  Hunter,  and  this  high 
opinion   shows   his  judgment,   for  almost  all   of  Mr.   Hunter's 
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contemporaries,  although  the}-  praise  him  now,  abused  him 
while  he  lived." 

While  the  a])])rcntice  was  imbibing  professional  knowledge 
he  was  also  sharing  Cline's  democratie  opinions,  and  through 
him  became  acquainted  with  Thelwall.  He  seems  to  have 
taken  an  active  share  in  the  meetings  of  these  men,  whose  chief 
object  seems  to  have  been  to  bring  about  reforms  in  government, 
without  wishing  to  copy  the  French  Revolution.  It  was  a  time 
of  unrest,  for  Pitt  was  struggling  with  great  difficulties  both 
at  home  and  abroad.  At  home  the  country  was  oppressed  with 
taxation,  groaned  under  the  effort  to  fill  the  army,  and  revolted 
against  the  methods  of  the  press  gang,  and  Ireland,  containing 
one-third  of  the  total  population  of  the  British  Isles,  was  openly 
hostile.  The  French  propaganda  had  to  be  met  and  countered 
in  every  direction,  and  political  feeling  ran  high.  Cooper  kept 
up  this  association  for  sixteen  years,  until  the  time  when  the 
vacancy  on  the  staff  occurred  in  1800.  So  strong  was  the  feeling 
that  his  connection  with  the  democratic  party  nearly  lost  him 
the  appointment.  The  atmosphere  surrounding  Cline,  and 
in  which  Cooper  lived,  must  have  had  its  influence,  and  if  it 
led  his  apprentices  somew'hat  away  from  their  strict  studies, 
nevertheless  must  have  developed  a  critical  spirit  of  no  small 
value  in  directing  enquiry  into  the  problems  of  medicine.  It 
certainly  developed  a  disregard  for  tradition,  and  a  determina- 
tion to  search  for  the  truth  wherever  it  might  lead. 

Fortunate  also  was  he  in  his  fellow^  apprentices.  "  Johnson," 
he  quaintly  says,  "  was  addicted  to  botany  and  gave  me  a  taste 
for  instructive  pursuits."  With  Holland  and  Coleman  he  attended 
Hunter's  lectures  and  discussed  the  subjects  as  they  walked  home 
from  Leicester  Square  to  the  City,  and  with  the  latter  he  repeated 
Hunter's  experiments  and  confirmed  his  conclusions.  In  all 
these  pursuits  there  was  the  guiding  hand  of  his  INIaster,  who 
ever  kept  alive  the  scientific  side  of  surgery.  Thus  we  sec  how- 
fortunate  he  was  in  his  early  surroundings. 

While  attending  Cline's  lectures  on  anatomy  and  surgery, 
he,  like  all  pupils,  visited  the  wards  at  the  two  hospitals,  which 
were  on  opposite  sides  of  St.  Thomas's  Street,  but  chiefly  with 
his  uncle  at  Guy's.  He  tells  us  that  he  made  notes  of  all  impor- 
tant cases  seen  in  the  hospitals,  attended  the  post-mortems, 
examined  the  parts  removed  by  operation,  and,  as  I  have  related, 
conducted  experiments  to  confirm  and  expand  Hunter's  teaching. 
Moreover,  he  had  had  the  priceless  advantage  of  Cline's  personal 
association,  with  whom  he  discussed  the  cases  in  the  evenings, 
and  under  whom  he  dissected  and  carried  out  experiments.  At 
Hunter's  lectures  he  seems  to  have  been  a  constant  attendant 
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for  several  years,  and  there  met  others  of  the  younger  men,  who, 
notwithstanding  tlie  obseurity  of  the  style  of  the  great  lecturer, 
recognised  the  value  of  the  teaching.  He  brought  a  vigorous 
and  active  mind,  free  from  preconceived  notions  and  the  tradi- 
tions of  the  older  teachers,  and  was  ready  to  accept  the  new 
phj'siology  and  pathology.  He  fixed  the  principles  enunciated 
by  Himtcr  in  his  own  mind  by  observation  on  the  living,  examina- 
tion of  the  dead,  and,  where  necessary,  by  experiment. 

Such  then  were  the  opportunities  for  study  offered  to  an 
apprentice,  and  it  will  be  seen  that  Cooper  not  only  took  full 
advantage  of  these,  but  opened  out  methods  for  himself. 

Apprentices  and  Dressers 

It  will  be  of  interest  to  digress  for  a  little  to  refer  to  the 
medical  education  of  the  time.  There  were  three  classes  of 
students.  The  bulk  were  the  "  pupils,"  those  who  had  been 
for  five  years  apprenticed  to  country  surgeons,  and  came  up 
to  London  aged,  roughly,  from  eighteen  to  twenty-two.  They 
paid  fees,  which  were  divided  between  the  physicians  and 
surgeons. 

A  limited  number  of  those  who  could  afford  the  extra  fee 
to  the  surgeon  and  the  other  expenses  became  "  dressers." 
The  apprentices  formed  another  group.  These  began  their 
studies  at  the  hospital,  entering  from  sixteen  to  eighteen,  and 
were  indentured  for  seven  years.  From  these  the  future 
surgeons  were  chosen.  The  fees  paid  by  apprentices  and 
dressers  went  directly  to  the  surgeon  concerned.  He  was 
allowed  four  pupils,  who  paid  a  fee  divided  amongst  the  mem- 
bers of  the  staff  generally,  and  four  others  composed  of  appren- 
tices and  dressers.  The  latter  paid  £50  for  one  year,  while  the 
fee  paid  by  the  former  is  not  recorded,  but  it  was  probably 
not  less  than  £100  a  year. 

One  dresser  was  on  duty  each  week,  and  had  to  provide 
entertainment  for  his  colleagues. 

Mr.  Cooper  Forster,  for  whom  the  writer  "  dressed  "  in  1875, 
was  the  last  of  these  dressers,  and  having  ample  means  he  twice 
held  the  appointment.  When  it  is  remembered  that  after  the 
morning  round  he  had  to  provide  breakfast  at  11  o'clock  for 
all  his  colleagues,  and  a  supper  followed  by  a  guinea  bowl  of 
punch,  the  necessity  of  means  will  be  vmdcrstood. 

When  Cooper  began  his  studies  in  1784,  the  teaching  was 
in  general  superficial  and  formal.  The  lectures  in  surgery  con- 
sisted mainly  of  the  relation  of  cases  and  followed  at  the  end 
of  the   lecture   in   anatomy.     There   was   little   instruction   in 
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pathology,   less  in  physiology,   and  no  scientific  basis  to  the 
teaching. 

There  was,  however,  one  surgeon,  John  Hunter,  who  had 
been  lecturing  for  ten  years,  and  had  introduced  entirely  novel 
views,  and  these  had  been  accepted  by  the  younger  men.  It 
was  fortunate  for  Cooper  that  his  immediate  master,  Cline, 
was  one  of  Hunter's  most  faithful  pupils. 

The  Hunters 

A  brief  sketch  of  the  rise  of  the  Hunters — William  and 
John — will  not  be  out  of  place  in  these  Reports,  as  it  was  a 
Guy's  surgeon  who  established  the  school  ultimately  taken  over 
by  John  Hunter. 

Between  Wiseman,  the  first  English  surgical  writer  of  any 
importance,  who  flourished  about  1660,  and  Cheselden,  one  of 
Hunter's  teachers,  no  author  of  any  note  had  appeared.  He 
wrote  a  good  work  on  anatomy,  and  was  celebrated  for  the 
improvements  he  introduced  into  the  operation  for  stone. 
He  took  an  active  interest  in  the  formation  of  the  Company 
of  Surgeons  in  1744  and  was  its  first  Master.  From  him 
Hunter  obtained  his  first  lessons  in  surgery  at  Chelsea 
Hospital  in  1750,  where  he  continued  to  operate  after 
leaving  St.  Thomas's  Hospital.  He  died  in  1752.  A  pupil  of 
Cheselden  was  Samuel  Sharp,  who  succeeded  his  preceptor  as 
lecturer  at  St.  Thomas's  in  1730,  and  was  from  1733  to  1757 
surgeon  to  Guy's  Hospital.  He  published  in  1739  A  Treatise 
on  the  Ojjerations  of  Surgery,  and  here  showed  that  the  method 
of  treating  wounds  was  beginning  to  improve.  "  Matter,"  he 
says,  "  when  it  is  good  is  no  disservice  to  woimds,  and  surgeons 
should  therefore  be  less  curious  in  wiping  them  clean  when 
they  are  tender  and  painful,"  a  direction  one  had  to  inculcate 
by  no  means  unfrequently  during  the  War.  Again  he  says, 
"  A  tent  brings  noxious  matter  in  contact  with  all  parts  of  the 
sinus,  and  makes  the  case  worse."  He  objects  to  the  use  of 
hot  ointments,  a  relic,  no  doubt,  of  the  boiling-oil  treatment 
of  gunshot  wounds  of  Ambrose  Fare's  time ;  he  gives  directions 
for  better  drainage  by  position  and  compress,  and  concludes 
by  cautioning  the  surgeon  "  not  upon  all  occasions  to  search 
into  an  abscess  with  fmger  and  probe,  as  it  often  tears  them 
open  and  indisposes  them  for  a  cure."  He  advocates  the  use 
of  sutures,  and  Sharp's  "  cross  stitch  "  suture  for  stumps  is 
referred  to  by  Hunter.  13ut  the  work  by  which  he  is  better 
known  is  the  Critical  Enquiry  into  the  Present  State  of  Surgery, 
published  in  1761.     He  comments  upon  the  position  of  surgery. 
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not  only  in  England,  but  in  France,  whither,  as  a  young  man,  he 
had  resorted  for  study.  He  advocates  the  primary  suture  of 
divided  tendons,  objects  to  the  reduction  of  a  hernia  without 
opening  the  sac,  because,  as  he  very  truly  says,  gangrenous 
intestine  or  omentum  or  irritating  fluids  may  be  returned.  He 
moreover  recognised  that  the  true  cause  of  strangulation  was 
in  the  neck  of  the  sac,  and  not  in  the  external  structures ;  and 
still  more  important,  he  advocates  the  removal  of  gangrenous 
bowel,  and  the  suture  of  the  two  ends,  by  placing  one  an  eighth 
of  an  inch  within  the  other.  This  he  says  was  a  suggestion  of 
Cheselden.  He  criticises  adversely  the  ligature  of  the  sac  with 
a  view  of  preventing  recurrence.  Referring  to  the  use  of  the 
ligature  in  arresting  bleeding  in  operations,  he  says,  "  In  all 
probability  it  will  at  last  be  more  generally  established,  though 
at  present  it  is  not  received  with  the  universal  acceptation  one 
would  wish  and  expect,"  He  did  much  to  remove  the  crude 
notions  regarding  hydrocele,  denying  the  existence  of  several 
reputed  forms;  and  Pott,  in  his  excellent  monograph,  says, 
"  For  a  particular  elucidation  of  this  subject,  the  chirurgic  world 
is  much  obliged  to  the  late  Professor  Monro,  of  Edinburgh,  and 
Mr.  Samuel  Sharp,  late  of  Guy's  Hospital,  now  of  Bath."  He 
thus  criticises  the  high  operation  for  stone  :  "  Though  the 
objections  have  absolutely  discredited  this  way  of  cutting  with 
the  present  age,  I  should  not  be  surprised  if  hereafter,  on 
particular  occasions,  it  should  be  revived  and  practised  with 
success."  He  further  points  out,  that  the  most  frightful 
difficulty  is  the  possibility  of  a  contracted  bladder;  and  now 
that  the  distension  of  the  bladder  can  be  secured  by  injection 
and  the  use  of  anaesthetics,  the  high  operation  has  attained  an 
even  more  favourable  position  than  he  foretold. 

Sharp  was,  as  the  above  extracts  will  show%  a  careful  surgeon, 
and  was  well  acquainted  with  the  modern  and  ancient  literature 
of  the  subjects  he  discussed.  He  was  "  judicious,  a  lover  of 
simplicity,  and  wisely  doubtful."  "  Perhaps,"  he  says,  "  in 
this  inquisitive  age,  it  may  appear  surprising  that  for  so  long 
a  course  of  time  no  one  should  have  detected  the  falsity  of  this 
opinion  on  hydrocele.  Put  it  was  the  fatality  of  those  days, 
that  physicians  and  philosophers  believed  the  bounds  of  science 
were  fixed,  and  all  they  studied  was  how  to  accommodate  their 
opinions  to  those  of  Hippocrates,  Aristotle  or  Galen." 

One  more  extract  will  show  his  caution,  and  his  accuracy ; 
commenting  on  the  efficacy  of  the  new  remedy — Cortex  Peru- 
vianus — in  gangrene.  "  Perhaps,"  he  says,  "  it  seems  strange 
thus  to  dispute  a  doctrine  established  on  what  is  called  matter- 
of-fact,  but  I  will  here  observe  that  in  the  practice  of  physic 
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and    surgery    it   is   oi'ten    exceedingly   difficult    to   ascertain   a 
fact." 

Sir  W.  Blizard,  in  1815,  pays  the  Ibllowing  tribute  to  his 
memory  :  "  Samuel  Sharp  was  an  eminent  example  of  industry 
in  the  pursuit  of  knowledge;  agreeable  to  the  custom  in  his 
day,  a  consequence  of  the  favourable  sentiment  generally  enter- 
tained here  of  the  state  of  chirurgical  knowledge  in  France,  he 
resorted  thither,  and  became  accurately  informed  in  the  opinions 
and  operative  modes  of  practice  of  the  distinguished  surgeons  of 
that  nation." 

An  almost  total  absence  of  pathology  is  noticeable  in  Sharp's 
writings;  here  and  there  he  discourses  upon  the  cause  of 
disease,  and  offers  an  explanation  of  its  course,  but,  as  a  rule, 
he,  like  all  others  up  to  Hunter,  was  practical  only. 

A  more  immediate  contemporary  of  Hunter  was  Joseph 
Warner,  also  one  of  the  surgeons  to  Guy's  Hospital,  from  1745 
to  1790.  In  1784,  when  sixty-seven,  Warner — "  the  excellent 
Warner,"  as  one  writer  calls  him — published  a  valuable  and 
instructive  collection  of  Cases  in  Surgerij.  His  earlier  work 
on  the  eye  went  through  several  editions.  The  cases  are  well 
recorded,  and  give  an  excellent  idea  of  the  mode  of  treatment 
of  the  time.  He  advocated  and  successfully  practised  the  free 
incision  of  the  chest  in  empyema,  and  directs  that  the  knife  be 
kept  to  the  upper  margin  of  the  two  ribs  to  avoid  the  artery. 
Referring  to  the  translucency  of  hydrocele,  he  points  out  that 
in  young  children  the  hernia  sometimes  transmits  light.  He, 
however,  recommends  poultices  made  of  the  dregs  of  strong 
beer,  and  gives  elaborate  instructions  for  the  use  of  ointments. 
Many  of  his  methods  are  rough  and  severe.  Still,  on  the  whole, 
it  must  be  allowed  that  he  added  to  the  advance  of  the  art. 
Sir  W.  Blizard  says  of  him,  that  "  the  truth  of  his  observations 
may  be  depended  on,  for  his  motives  were  pure  and  honourable." 

But  the  greatest  surgeon  by  far  of  tliis  })eriod  was  Percival 
Pott.  In  1751  Hunter  joined  St.  Jiartholomew's  Hospital, 
Pott  being  then  thirty-eight  and  fifteen  years  his  senior.  Most 
of  his  works  were  published  in  Hunter's  lifetime,  and  Hunter 
refers  to  these  in  his  surgical  lectures.  Certainly,  a  perusal  of 
Pott's  essays  on  head  injuries,  on  hydrocele,  and  on  fractures, 
impresses  one  with  the  great  accuracy  of  his  observation,  tlie 
truth  of  his  deductions,  and  the  wide  range  of  his  knowledge. 
He  quotes  all  the  earlier  authors,  writes  in  an  elegant,  graceful 
style,  and  indeed  must  be  considered  the  most  polished  medical 
author  of  the  time.  He  added  many  new  methods  of  treatment, 
simplified  many  others,  and  was  instrumental  in  removing  many 
of  the  more  rouffh  and  harsh  methods  in  vogue. 
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The  earlier  Hunterian  Orators  at  the  College — Blizard, 
Abernethy,  his  pupil  Norris,  and  others — all  speak  in  the 
warmest  praise  of  Pott.  He  rose  to  the  highest  position  in 
the  profession;  and  when  he  died,  still  full  of  vigour  and  in 
active  work,  at  the  age  of  seventy-five  in  1788,  Hunter  was  left 
the  first  surgeon  of  the  day,  being  himself  now  sixty  years  old. 

Blomfield  of  St.  George's,  to  whom  Hunter  apprenticed 
himself  to  qualify  for  the  surgeoncy,  must  also  be  mentioned. 
''  More  than  any  other  English  surgeon  of  the  time,  except 
Hunter,  he  might  be  counted  as  a  scientific  surgeon ;  and  when- 
ever he  could,  he  tried  to  make  surgery  fit  into  such  physiology 
as  was  prevalent  in  the  schools." 

One  remark  applies  to  all  the  writings  I  have  referred  to, 
viz.  that  while  there  was  evidence  of  the  study  of  morbid 
anatomy,  especially  by  Pott,  there  was  no  pathology  in  the 
wide  term,  no  attempt  to  show  that  the  course  of  morbid 
processes  was  guided  by  general  laws,  and  few  or  no  principles 
of  treatment. 

The  Education  of  a  Surgeon 

For  the  position  of  surgeon  to  a  London  hospital  with  a 
medical  school  an  apprenticeship  of  seven  years  to  one  of 
the  staff  was  required,  and  therefore  the  training  depended 
entirely  upon  the  master.  There  was  no  centre  outside  the 
hospital  to  which  a  student  might  resort  for  further  instruction, 
no  University  supporting  men  of  distinction,  no  lectures  given 
on  the  institutes  of  medicine.  Some  of  the  apprentices  at  the 
expiration  of  their  time  resorted  to  Paris  and  other  continental 
schools,  where  special  provision  existed  to  maintain  the  lecture- 
ships. While  Cambridge  and  Oxford  enabled  London  men 
to  take  degrees  in  medicine,  the  very  fact  of  apprenticeship 
debarred  the  surgical  pupils  complying  with  the  terms  of 
residence,  had  any  desired  a  university  degree. 

Examinations  in  the  eighteenth  century  practically  did  not 
exist.  A  naval  surgeoncy,  for  instance,  could  be  obtained  on  a 
minimum  of  knowledge.  The  obvious  ignorance  of  such  men 
was  a  scandal,  when  one  considers  the  importance  of  the  duties 
and  the  valuable  lives  placed  under  their  care.  To  improve 
their  knowledge  Samuel  Sharp  started  a  course  of  lectures  in 
Windmill  Street.  This  was  the  first  attempt  to  form  a  teaching 
centre  outside  a  hospital,  the  first  extramural  school.  Anatomy 
was  taught  by  dissection  and  demonstration,  and  surgery  as 
well  as  might  be  without  the  advantages  of  a  hospital.  This 
effort  was  fortunate  in  its  originator,  for  Sharp,  as  mentioned 
above,  was  by  far  the  most  able  surgeon  of  the  day. 
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Becoming  busy  in  practice,  Sharp  required  an  assistant, 
and  found  one  in  a  young  Scotsman,  William  Hunter,  who  had 
recently  come  up  to  London  to  enlarge  his  experience,  intending 
to  return  and  work  with  Cullen. 

When  Sharp  relinquislied  the  lectures  in  1747,  William 
Hunter  took  over  the  school,  which  was  then  a  paying  concern : 
the  receipts  at  the  opening  of  his  first  course  amounted  to 
seventy  guineas,  which  he  carried  away  with  much  satisfaction. 
Then  an  assistant  w^as  required  in  the  dissecting  room,  and 
his  brother  John,  coming  up  to  London  on  a  visit  in  1748, 
was  offered  the  post  as  soon  as  he  had  learned  some  anatomy 
himself.  Eight  years  later,  during  which  time  he  had  studied 
under  Cheselden,  Pott  and  Blomfield,  he  became  a  partner, 
and  ultimately  took  over  the  school  and  made  it  famous  by  his 
lectures  on  the  "  Principles  of  Surgery." 

When  John  Hunter  began  these  lectures  in  1774  at  the  age  of 
forty-six,  it  was  obvious  that  a  new  era  had  arisen,  a  new 
conception  of  the  processes  of  disease.  For  the  first  time 
surgery  was  taught  as  a  science,  principles  were  laid  down,  and 
comparison  made  with  the  natural  and  morbid  phenomena 
in  animals.  Unfortunately  Hunter  was  not  an  attractive 
lecturer,  and  hence  the  class  was  small,  numbering  not  more 
than  thirty.  But  the  best  of  the  younger  men  were  there, 
men  who  took  the  trouble  to  listen  and  discuss  amongst  them- 
selves the  new  ideas  which  he  enunciated.  Moreover,  they 
found  it  worth  while  to  attend  year  by  year,  for  new  informa- 
tion was  forthcoming  as  the  result  of  fresh  experience  and 
experiment.  These  lectures  continued  for  nearly  twenty 
years — he  died  in  1793 — and  thus  many  had  the  opportunity 
of  listening  to  him,  and  his  influence  gradually  transformed 
the  teaching  in  the  schools,  and  from  thence  in  the  profession 
at  home  and  abroad.  It  must  be  noted  that  Hunter  refused  to 
publish  his  lectures,  because  he  felt  that  he  was  but  on  the 
threshold  of  knowledge,  and  that  his  views  must  change  with 
increased  investigation. 

The  processes  of  healing  and  restoration  of  injured  and  of 
diseased  parts  were  shown  to  depend  on  the  operation  of  large 
and  fixed  laws.  He  showed,  moreover,  that  there  was  a  single 
pathology  for  medicine  and  for  surgery;  that  medicine  in  its 
widest  sense  was  one  and  indivisible,  and  must  be  studied  as  a 
whole,  for  no  part  can  be  understood,  if  it  be  studied  without 
reference  to  the  rest  of  the  body.  The  physician  nuist  under- 
stand surgery,  and  the  surgeon  the  medical  treatmeul  ot 
disease. 

When  we  remember  that  in  Hunter's  time  a  surgeon  was 
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not  supposed  to  give  internal  remedies  beyond  a  black  draught, 
the  importance  of  this  welding  of  the  two  branches  of  medicine 
by  means  of  a  common  pathology  will  be  appreciated. 

Amongst  those  who  attended  the  lectures  and  have  left 
their  impressions  and  tributes  were  such  men  as  Cline,  who 
attended  the  first  course,  and  pays  in  his  oration  a  warm 
tribute  to  the  scientific  value  of  the  lectures.  He  sent 
his  apprentices  to  hear  him,  and  amongst  these  were  Astley 
Cooper,  Abernethy  of  St.  Bartholomew's,  whose  philosophic 
mind  was  well  able  to  grasp  Hunter's  reasoning  and  who 
became  the  chief  exponent  of  his  physiological  discoveries, 
Blizard  of  the  London,  Chevalier  of  the  Westminster,  Carlisle, 
Everard  Home,  James  Earle,  all  men  who  have  left  their  mark 
on  surgery  and  became  teachers  in  the  schools. 

Thus  it  will  be  seen  that  Cheselden  taught  Sharp,  who 
became  surgeon  to  the  sister  hospital  established  by  Thomas 
Guy,  that  from  Sharp,  William  Hunter  learned  surgery  and 
some  pathology,  for  we  see  from  Sharp's  writings  that  he  was 
among  the  leading  thinkers  of  his  time.  The  methods  were 
passed  on  to  his  brother,  the  famous  John,  who  was  to  become 
the  greatest  biologist  and  pathologist  of  the  century,  and  was 
to  revolutionise  the  teaching  of  the  day,  and  thence  amongst 
others  to  the  immediate  subject  of  this  essay. 

The  Guy's  Hospital  Pupils'  Physical  Society 

One  other  educative  force  peculiar  to  Ckiy's  was  the  Pupils' 
Physical  Society,  founded  in  1771,  It  had  been  in  active 
operation  for  fourteen  years  when  Astley  Cooper  was  elected 
a  member  on  the  nomination  of  his  uncle.  It  was  a  condition 
of  membership  that  a  paper  should  be  read  in  the  first  session 
of  election.  This  must  have  been  something  of  an  ordeal  to 
a  lad  not  yet  seventeen.  The  subject  chosen  by  Astley  Cooper 
was  "  Cancer  of  the  Breast,"  and  it  is  noteworthy  that  his  last 
publication  the  year  before  his  death  dealt  with  the  same 
organ.  He  was  frequently  fined  for  non-attendance  during  his 
first  session.  In  the  following  year,  however,  he  became  a 
regular  attendant,  having  recognised  the  value  of  discussion, 
and,  as  will  be  seen  later,  originated  another  society  for  the 
junior  men. 

Visit  to  Edinburgh 

It  was  provided  in  Astley  Cooper's  indentures  that  he 
might  spend  a  session  in  Edinburgh.  It  is  probable  that  this 
was  a  suggestion  of  Cline's,  for  his  uncle  was  hardly  progressive 
enough  to  think  of  such   a  move.      The   date    of    the    visit. 
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October  1787,  was  determined  by  an  attack  of  typhus  fever, 
contracted  on  visiting  a  condemned  man  in  Newgate.  It  so 
happened  that  he  had  known  this  man  in  Norfolk,  and  in  liis 
kindness  of  heart  he  sought  to  bring  him  some  comfort. 

He  had  spent  three  sessions  in  London  and  had  been  a 
most  dihgent  student  under  the  able  guidance  of  Chne.  He 
was  therefore  well  equipped  from  his  knowledge  of  anatomy 
and  surgery  to  take  advantage  of  the  experience  in  a  new  field. 
He,  moreover,  had  regularly  attended  Hunter's  lectures,  and 
had  had  the  priceless  advantage  of  discussing  the  subject  of 
study  with  his  master,  Cline,  and  of  repeating  Hunter's  experi- 
ments with  his  fellow-pupil,  Coleman.  He  says  that  having 
heard  of  the  Edinburgh  teachers,  especially  no  doubt  of  Monro, 
the  professor  of  anatomy,  he  was  desirous  of  a  personal  acquaint- 
ance. Cooper  was  now  in  his  twentieth  year,  and  for  one  so 
young  was  w^ell  received.  He  was  made  a  member  of  the 
Royal  JMedical  Society — a  students'  society — and  entered 
actively  into  the  discussions.  Here  he  introduced  the  novel 
views  of  Hunter,  and  being  able  to  illustrate  his  remarks 
from  personal  observations,  made  at  the  bedside  and  in  the 
dead-house,  and  also  from  experiments,  he  convinced  his  hearers 
of  the  truth  of  the  master's  teaching.  It  is  related  that  lie 
conducted  himself  with  so  much  discretion  and  put  forward  his 
views  in  so  acceptable  a  fashion  that  he  won  the  esteem  of  his 
fellow  students,  an  appreciation  shown  by  an  invitation  to 
become  their  President  should  he  repeat  his  visit. 

In  later  years  he  wrote  an  account  of  this  visit  with  an 
admirable  criticism  of  the  various  teachers.  He  was  naturally 
attracted  to  Monro,  and  to  him  he  dedicated,  many  years  later, 
the  second  part  of  his  work  on  Hernia.  Of  Dr.  Gregory  he 
gives  a  long  and  sincere  appreciation,  and  says,  '*  that  being 
near  them  did  not  diminish  the  importance  I  had  led  to  attach 
to  their  public  character." 

His  remarks  on  Cullen  are  worth  repeating  :  "  Never,"*  he 
says,  "  shall  I  forget  the  veneration  with  which  I  viewed  Cullen ; 
he  was  an  old  man;  physic  may  have  much  improved  since 
his  time,  but  if  Hippocrates  was  its  father,  Cullen  was  its 
favourite  son." 

He  spent  his  time  visiting  and  making  notes  of  the  cases 
in  the  Infirmary  as  well  as  attending  the  lectures.  It  will  be 
gathered  that  he  was  diligent  in  note-taking  all  through  his 
course.  How  interesting  it  would  be  to  see  those  notes. 
I  have  examined  his  notes  of  lectures,  and  those  made  in  pre- 
paring a  second  edition  of  the  Handbook  of  Surgery,  as  well  ns 
letters  to  patients  and  others.     The  handwriting  is  difficult  to 
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decipher,  but  one  gathers  an  impression  of  the  care  with  which 
he  recorded  his  observations. 

He  wrote  that  one  outcome  of  this  visit  was  that  he  learned 
order  and  system,  and  formed  a  plan  of  investigating  cases  of 
disease,  which  led  to  the  surest  and  safest  method  of  forming 
a  diagnosis,  a  plan,  he  adds,  which  he  pursued  all  his  life  to 
the  advantage  of  his  teaching  and  his  practice. 

He  spent  seven  months  in  Edinburgh,  and  then  made  a  tour 
in  the  Highlands  on  horseback,  accompanied  by  a  servant  only. 
Riding  back,  he  spent  a  little  time  with  friends  in  the  Potteries, 
enquiring  into  the  industry  and  the  condition  of  the  workers, 
and,  after  a  short  stay  in  Norfolk,  he  returned  to  town  in 
October  1788,  "  improved  in  health,  professional  knowledge  and 
general  information,  and  in  seeking  the  sources  from  which  I 
had  derived  most  information,  Drs.  Ash,  Gregory  and  Fyfe 
seemed  especially  to  claim  my  gratitude."  And  then  follows  a 
pleasant  confession  :  "  Big  with  my  own  importance  I  became 
presumptuous,  but  was  soon  taken  down  by  Newell,  Shrapmell 
and  others  at  the  Physical  Society." 

With  Coleman  he  resumed  his  attendance  at  Hunter's 
lectures,  "  and  this,"  he  says,  "  was  exceedingly  improving, 
as  we  day  by  day  debated  all  the  way  home  on  his  doctrines." 
And  with  his  companion  he  "  made  many  experiments,  and 
gained  from  him  an  interest  in  physiological  investigation." 
Coleman  rose  to  be  head  of  the  Veterinary  College  and  remained 
a  life-long  friend.  It  was  Astley  Cooper's  privilege  to  obtain 
from  the  King  many  years  later  the  title  of  "  Royal  "  for  this 
College. 

Early  Work  at  Guy's  and  St.  Thomas's 

When  twenty-one,  and  in  the  fifth  year  of  his  apprenticeship, 
he  was  appointed  Demonstrator  of  Anatomy  at  St.  Thomas's. 
It  must  be  remembered  that  there  was  but  a  single  school  at 
this  time,  the  lectures  on  anatomy  and  surgery  being  given  at 
St.  Thomas's  and  those  on  medicine  at  Guy's.  For  two  years 
he  held  this  appointment,  and  we  hear  very  little  of  his  work. 
We  know,  however,  that  he  continued  his  investigations  in 
anatomy,  and  not  only  in  man,  but  in  the  lower  animals  of  all 
kinds,  collecting  material  from  the  menagerie  at  the  Tower, 
Leadenhall  market,  and  from  the  vendors  of  birds,  for  it  soon 
became  known  that  there  was  a  market  for  anything  unusual  in 
animal  life.  Also  we  gather  that  he  took  every  opportunity 
of  collecting  specimens  of  morbid  anatomy  for  the  museum  at 
St.  Thomas's.  That  he  took  a  keen  interest  in  the  all-round 
instruction  of  the  pupils  at  this  time  is  further  shown  in  the 
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foundation  of  a  society  confined  to  the  pupils  of  the  two  hos- 
pitals, where  they  could  discuss  the  cases  amongst  themselves. 
Under  another  heading  it  will  be  recorded  that  Cooper's  first 
publication  appeared  in  the  records  of  this  Society  in  1798. 

Two  years  later,  in  1791,  he  was  asked  by  Cline  to  take  a  share 
in  the  lectures  on  anatomy  and  surgery,  for  which  he  received 
£120.  He  was  now  twenty-three,  and  decided  to  devote  the 
next  three  years  to  improving  his  knowledge,  and  to  teaching, 
without  engaging  in  practice.  This  he  w^as  enabled  to  do,  as 
his  wife,  whom  he  married  the  same  year,  possessed  a  good 
income.  His  father-in-law  presented  his  daughter  with  a  house 
fully  equipped  in  Jefferies  Square,  near  the  Tower,  so  that 
Cooper's  circumstances  were  easy.  Here  he  set  up  a  dissecting- 
room  of  his  own  and  began  work  at  six  o'clock  every  morning. 
As  apprentice  to  Cline  he  was  practically  assistant,  for  the 
apprentices  were  responsible  during  the  absence  of  the  surgeon, 
who  was  only  obliged  to  visit  his  wards  twdce  a  week,  though 
liable  to  be  summoned  for  emergencies. 

In  undertaking  the  lectures  he  w^ished  to  separate  surgery 
from  anatomy;  to  this  Cline  raised  objections,  but  Cooper 
convinced  his  master  that  both  subjects  suffered  from  the 
method  in  vogue  and  he  gained  his  point.  The  lectures  on 
surgery  were  given  by  Cooper  three  times  a  week  at  8  jj.m., 
those  on  anatomy,  as  heretofore,  daily  at  2.30. 

He  began  by  adopting  Hunter's  plan  in  dealing  with  prin- 
ciples first,  but  was  disappointed  to  find  his  class  inattentive, 
though  he  threw  into  his  work  all  his  energy  and  sj^arcd  no 
pains  to  interest  his  hearers.  He  suffered  still  greater  dis- 
appointment when  the  entries  for  the  following  session  were 
greatly  reduced.  It  must  be  remembered  that  the  pupils 
could  take  out  the  lectures  under  any  recognised  teacher. 
Cooper  realised  that  the  members  of  the  class  had  all  come 
from  the  country,  where  they  had  been  articled  for  five  years 
to  surgeons  taught  on  the  old  lines,  and  could  not  grasp  the 
newer  learning  or  adapt  it  to  w^hat  they  had  been  taught. 
Such  terms  as  "  adhesion,"  "  resolution  "  and  "  action  "  as 
applied  to  diseased  processes  were  unknown  before  Iliniter. 
Cooper  in  his  second  course  introduced  the  patients,  exi)laincd 
the  maladies  and  injuries,  and  then  applied  the  physiological 
and  pathological  explanation,  illustrating  the  subjects  still 
further  by  specimens  from  his  museum.  The  effect  was 
immediate,  and  the  entries  for  the  third  course  doubled.  He 
attracted  larger  and  larger  numbers;  at  one  time  as  many  as 
four  hundred  attended  his  lectures.  This  method  he  pursued 
throughout  the  forty  years  of  his  teaching,  enriching  his  lectures 
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with  examples  of  cases  from  his  own  praeticc,  and  as  his  experi- 
ence widened,  the  lectures  became  more  and  more  valuable. 
But  never  did  he  lose  sight  of  the  scientific  side,  or  relapse  into 
the  method  of  earlier  lecturers,  who  dealt  with  cases  only. 
Always  enquiring  by  dissection,  by  study  of  disease  in  the  living 
and  the  dead,  and  by  experiment,  he  was  constantly  improving 
his  teaching.  Many  hours  of  every  day  were  devoted  to  dis- 
section of  normal  and  diseased  structures,  not  only  in  man, 
but  in  animals.  The  lessons  to  be  learnt  from  such  vast  enquiry 
were  brought  to  the  service  of  his  students.  There  was  always 
something  fresh  to  bring  before  them;  each  year  further  light 
was  thrown  upon  old  subjects,  not  from  second-hand  know- 
ledge, but  from  the  actual  work  and  observation  of  the  teacher 
himself. 

This  position  as  assistant  to  Cline  he  held  for  nine  years, 
during  whicli  time  he  contiimed  to  visit  the  wards  with  his 
uncle,  and  thus  was  able  to  give  clinical  instruction  to  his  class. 

He  pursued  without  intermission  his  studies  in  anatomy, 
physiology,  comparative  anatomy,  and  in  morbid  anatomy. 
He  collected  and  prepared  specimens  of  all  kinds,  which  were 
added  to  the  museum  at  St.  Thomas's.  It  was  during  this 
period,  in  1793,  that  he  was  elected  to  the  lectureship  in  anatomy 
at  Surgeons'  Hall.  The  appointment  was  renewed  in  the 
following  year,  when  he  declined  a  further  extension.  Though 
but  twenty-five,  he  drew  large  audiences,  the  theatre  being 
crowded,  and  there  was  great  applause.  The  demonstrations 
were  given  on  the  bodies  of  "  executed  persons,"  to  use  his  own 
phi-ase,  and  he  adds,  "  I  became  a  very  popular  lecturer." 
Cooper  thus  became  known  as  a  brilliant  lecturer  outside  his 
own  school. 

When  his  uncle  retired  in  1800,  Astlcy  Cooper  no  doubt 
expected  an  easy  step  to  the  surgeoncy,  not  because  of  any 
relationship,  but  on  account  of  his  long  service  to  the  school 
and  to  the  hospital.  But  there  was  opposition  of  a  personal 
kind.  His  uncle  had  become  jealous  of  his  success  and 
opposed  the  appointment,  and  so  did  Warner,  who,  aged  as 
he  was,  still  had  influence,  and  supported  Norris,  one  of  the 
other  candidates.  But  the  strongest  hostile  influence  was 
raised  by  those  who  chose  to  make  his  old  associations  with 
the  democrats  an  objection.  Political  feeling  at  the  time  ran 
high,  we  were  at  war  with  republican  France,  and  had  not 
recovered  from  the  long  struggle  with  the  American  colonies. 
An  anonymous  letter  was  received  by  the  Treasurer  of  Guy's, 
opposing  Cooper's  election  on  political  grounds.  It  was  for- 
tunate that  some  time  before  this  date  Cooper  and  his  friend 
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Coleman  had  during  a  walk  in  Kpping  Forest  decided  to  withdraw 
altogether  from  political  associations  and  devote  themselves 
to  their  professions.  The  Treasurer,  Mr.  Harrison,  confident 
that  Astlcy  Cooper  was  the  best  of  the  candidates,  sent  for  him, 
and  pointed  out  the  objection  that  had  been  raised.  Iking 
convinced  of  the  sincerity  of  Cooper's  change  of  attitude,  lie 
allowed  him  to  canvas  the  Governors,  in  whose  hands  lay  the 
election.  Mr.  Harrison  was  right,  for  Cooper  ol^taincd  unani- 
mous support,  and  was  appointed  surgeon  at  the  age  of  thirtx- 
two,  thereby  achieving  the  height  of  his  ambition.  He  had 
made  a  great  reputation  as  a  lecturer,  and  the  school  had 
increased  in  numbers  to  the  advantage  of  his  colleagues  as  well 
as  himself;  he  had  been  steadily  adding  to  the  collection  of 
specimens,  and  had  worked  uninterruptedly  in  his  dissecting 
rooms  for  nine  years.  He  had  made  himself  so  beloved  by  the 
pupils  and  so  essential,  that  I  believe  something  like  a  riot 
would  have  taken  place  had  he  not  been  appointed. 

His  senior  colleagues  were  Forster  and  Lncas,  neither  imii 
of  any  reputation,  and  both  somewhat  lacking  in  skill  and 
courage.  Cooper  relates  that  his  first  operation  was  to  extricate 
Forster  from  difTiculties  in  a  lithotomy,  and  it  is  recorded  that 
neither  of  these  surgeons  Avould  perform  opi-rations  unless 
Astley  Cooper  was  present. 

He  was  well  equipped  for  the  position.  Though  he  had 
not  performed  many  operations,  he  had  acquired  by  his  dis- 
sections such  a  knowledge  of  anatomy  as  would  enable  him 
to  operate  with  accuracy  and  speed,  and  from  his  experiments 
on  animals  a  refinement  of  technique  not  ])ossessfd  by  any 
of  the  other  ct)mj)etitors.  Enquiry  by  experiment,  and  the 
acquisition  of  dexterity  by  operating  on  aninials  is  unfortunately 
restricted  in  our  country  to  an  extent  that  has  for  long  cheeked 
advance  in  Surgery.  ()j)erations  on  the  dead  eaimot  be  compared 
with  those  on  the  living,  even  if  only  on  one  of  the  lower  animals. 
In  the  days  of  Astley  Cooper,  when  ana-sthesia  was  unknown, 
time  was  of  the  essence  of  success  and  of  mercy,  and  wc  shall 
see  how,  owing  to  the  dexterity  accpiired  by  experiments  on 
animals,  he  operated  with  rapidity  yet  with  i)reeision,  divided 
no  vesstl  or  nerve  mmeeessarily,  severed  the  structures  without 
tearing  or  bruising — in  a  word  inflicted  no  unnecessary  injury. 
It  was  said  by  one  of  his  eolUagues  that  .Astley  Cooper  could 
operate  as  well  with  an  oyster  knife  as  another  surge<»n  with 
the  best  knife  out  of  Landry's  shoji.  When  his  seniors  wt-re  in 
diflicultics,  the  entrance  of  Astley  Cooper  into  the  theatre 
dispelled  all  anxiety,  and  his  help  was  constantly  being  sought. 
He  says  himself  that  he  and  Cline  were  more  useful  in  extricating 
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tlioir  collcajiiu^   Irom  cliiricnlties  than   in   the  operations  they 
pertornied  tlicniselvcs. 

AsTLEY  Cooper  as  a  Teacher 

Astlcv  Cooper  was  undoubtedly  the  most  eminent  and 
successful  surgical  teacher  of  the  day.  I  have  already  referred 
to  his  methods  in  teaching,  and  to  the  success  which  attended 
his  efforts.  No  doubt  the  popularity  of  the  Borough  School 
was  largely  due  to  his  personal  influence.  He  was  a  friend  of 
his  pupils,  invited  their  help  in  his  investigations,  encouraged 
questions,  and  promoted  discussions,  liesides  giving  instruction 
in  surgery  and  })atiiology,  he  gave  much  good  advice  as  to  the 
methods  of  study. 

In  the  first  place  he  had  clear  ideas  how  knowledge  should 
be  acquired.  He  recognised  the  evil  effect  of  too  much  teaching, 
and  constantly  impressed  upon  his  class  the  importance  of 
personal  observation  of  the  processes  of  nature.  "  If,"  he  writes, 
"  the  method  of  observation  be  not  pursued  and  too  much 
attention  be  given  to  theory,  they  (/.  c.  the  students)  have 
afterwards,  when  thc}^  embark  on  their  professional  practice, 
not  only  everything  to  learn,  but  also  to  abandon  those  false 
impressions  which  hypothesis  is  sure  to  create.  It  is  right, 
therefore,  that  those  who  are  studying  their  profession  should 
be  aware  that  there  is  no  short  cut  to  knowledge." 

Again  he  writes  :  "In  collecting  evidence  upon  any  medical 
subject  there  are  but  three  sources  from  which  we  can  hope  to 
obtain  it — from  observation  on  the  living  subject,  from  examina- 
tion of  the  dead  and  from  experiments  on  living  animals.  By 
the  first  we  learn  the  history  of  disease,  by  the  second  its  real 
nature  so  far  as  it  can  be  certainly  known,  and  by  experiments 
on  living  animals  we  ascertain  the  processes  resorted  to  by 
nature  for  restoring  parts  which  have  sustained  injuries,  and 
then  apply  that  knowledge  to  accidents  in  man." 

On  another  occasion  he  writes  :  "  It  is  my  duty  to  state  to 
you  my  opinion  :  you  must  think  for  yourselves,  only  do  not 
rest  contented  with  thinking;  make  observations  and  experi- 
ments, for  without  them  your  thinking  will  be  of  little  use." 

Astley  Cooper,  like  Hunter,  urged  that  there  should  be  no 
hard-and-fast  line  between  medicine  and  surgery,  that  there  was 
a  single  pathology,  and  the  surgeon  should  know  much  of 
medicine,  and  conversely  the  physician  of  surgery  if  the  best 
was  to  result.  Nothing  can  be  more  true  to-day,  especially 
when  one  sees  the  practice  of  medicine,  using  this  term  in  its 
widest  sense,  broken  up  into  so  many  specialities. 
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He  himself  studied  physiology  in  its  application  to  all  diseases, 
and  no  subject  in  pathology  was  neglected.  Hence  resulted 
his  wide  knowledge,  his  familiarity  with  disease  of  all  kinds,  and 
in  consequence  that  precision  in  diagnosis  which  specially 
characterised  his  practice.  He  constantly  urged  upon  his 
pupils  the  importance  of  the  study  of  morbid  anatomy.  He 
recognised  that  pathology  was  the  basis  of  medical  knowledge, 
and  that  each  nuist  make  the  observations  for  himself,  and 
similarly  in  the  living  each  case  must  teach  its  lesson. 

On  the  value  of  making  notes  of  observations  on  all  occasions 
and  collecting  and  classifying  these  records,  he  constantly 
insists.  In  this  connection  it  is  interesting  to  recall  that  the 
teachers  of  his  day  invited  the  pupils  to  write  reports  on  cases. 
These  were  reviewed  and  commented  upon.  It  is  recorded  that 
in  one  session  some  eight  hundred  such  reports  were  presented. 
Later  on  reporting  was  made  compulsory  and  was  for  long  a 
peculiar  feature  of  the  Guy's  School.  The  educative  value  of 
these  records  was  recognised  by  other  schools,  and  the  writer 
recalls  a  visit  from  a  surgical  registrar  of  another  hospital  to 
enquire  into  our  methods  with  a  view  to  their  adoption. 

Writing  of  his  friend  Coleman,  who  was  head  of  the  Veterinary 
College,  he  says,  "  Whatever  a  man's  pursuit  in  life,  it  is  know- 
ledge and  moral  character  which  give  to  him  his  real  rank 
and  position,  and  in  proportion  as  he  possesses  these,  so  will 
he  be  welcomed  in  society,  respected  and  beloved. 

Writing  of  his  success  in  life,  he  says  : 

"  For  the  benefit  of  the  younger  members  of  my  profession 
let  me  say,  that  this  success  may  be  always  accomplished  in  a 
great  degree. 

"  Be  kind  to  every  one,  and  most  active  to  oblige. 

"  Learn  your  profession  well,  be  an  excellent  anatomist, 
and  imderstand  well  the  practice  and  duties  of  your  profession. 

''  liend  the  force  of  your  mind  to  some  useful  object,  and  be 
not  multifarious  or  vacillating  in  your  pursuits. 

"  Deep  science  is  desirable  to  the  man  of  fortune — useful 
science  to  the  physician  and  surgeon. 

"  Let  your  zeal  and  industry  be  unbounded." 

Astley  Cooper  was  possessed  of  a  fund  of  humour  and  was 
a  welcome  member  of  several  convivial  societies.  JNIoreovcr, 
he  had  a  friendly  and  cheerful  way  with  his  pupils,  and  en- 
couraged them  to  express  their  ow^n  opinions.  But  he  never 
hesitated  to  express  his  views  on  intemperance,  gaming  and 
the  like.     Truthfulness  in  all  things  he  insisted  upon. 

As  President  of  tlio  College,  as  well  as  Examiner,  his  address 
to  the  successful  candidates  is  worth  recording  here. 
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'■  Gentlemen — In  the  name,  and  by  the  anthority  ol"  the 
Roval  College  of  Snrgeons  in  London,  1  admit  yon  members 
tliereof. 

'■  Yon  "will  have  the  kindness  to  sign  yonr  names  in  this 
book,  provided  i'or  that  pnrpose,  in  testimony  of  the  solemn 
obligation  into  which  yon  have  this  djiy  entered. 

"  And  now,  gentlemen,  give  me  leave  to  tell  yon  on  what 
yonr  success  in  life  will  depend. 

"  P^'irstly,  upon  a  good  and  constantly  increasing  knowledge 
of  your  profession. 

"  Secondly,  in  an  industrious  discharge  of  its  duties. 

"  Thirdly,  upon  the  preservation  of  your  moral  character. 

"  Unless  you  possess  the  first,  Knowledge,  you  ought  not 
to  succeed,  and  no  honest  man  can  wish  you  success. 

"  Without  the  second.  Industry,  no  one  will  ever  succeed; 

"  And  unless  you  preserve  your  Moral  Character,  even  if 
it  were  possible  yon  could  succeed,  it  would  be  impossible  you 
could  be  happy. 

"  It  is  Avith  pleasure  that  I  convey  to  you  the  wishes  of  the 
gentlemen  who  now  sin-ronnd  me,  and  my  own  sincere  desire 
that  you  may  be  eminently  successful  in  the  discharge  of  your 
professional  duties." 


SPLENIC   AN.EMIA   AND   CHRONIC 
SPLENOMEGALY 

By  ARTHUR  A.  OSMAX,  Medical  Assistant  to  the  Medico-Neurological 
Clinic,  Cuy's  Hospital. 

I. — Introduction 

It  has  long  been  recognised  that  many  chronic  infections, 
such  as  syphiHs  and  tuberculosis,  may  give  rise  to  an  angemia 
of  a  secondary  type,  sometimes  associated  with  enlargement  of 
the  spleen;  but  there  yet  remained  a  large  group  of  cases  in 
which  anaemia  and  splenomegaly  occurred  and  for  which  no 
cause  could  be  found. 

In  1866  Gretsel,^  writing  from  Griesinger's  clinic,  described 
such  a  case  in  a  child  often  months  suffering  from  an  "  idiopathic  " 
enlargement  of  the  spleen,  severe  aniemia,  diarrha'a,  and  slight 
enlargement  of  the  liver  and  lymphatic  glands,  to  which  he  gave 
the  name  "  splenic  anaemia." 

Further  cases  were  soon  reported,  and  it  was  noticed  that  the 
proportion  of  white  to  red  cells  in  the  blood  was  diminished, 
and  not  increased  as  in  leukaemia,  so  that  the  term  "  pseudo- 
leukaemia  "  was  employed  for  these  eases,  following  Greisinger, 
who  regarded  them  as  an  aleukaemic  variety  of  splenic  leukaemia. 

The  disease  did  not  attract  much  attention  until  1883,  when 
Guido  Isanti  -  published  a  paper,  in  which  he  assumed  that 
splenic  anaemia  was  the  antecedent  of  his  "  splenomegaly  with 
cirrhosis,"  and  a  further  paper  in  1894, ^  in  which  he  divided  the 
disease  clinically  into  three  stages,  passing  imperceptibly  into 
one  another : — 

(i)  the  prc-ascitic  stage,  in  which  there  is  an  idiopathic 
splenomegaly,  preceding  a  more  or  less  severe  anaemia, 
and  no  enlargement  of  the  lymphatic  glands ;  this  stage 
lasts  from  three  to  five  years  or  longer ; 

(ii)  an  intermediate  stage,  characterised  by  anaemia  with  a 
low  colour  index  and  leucopenia  with  a  relative  increase 
of  lymphocytes,  and  occasionally  slight  enlargement 
of  the  liver,  slight  jaundice,  diarrha?a  and  scanty,  high- 
coloured  urine.  This  stage  lasts  only  from  one  to 
two  years  and  gradually  leads  up  to 
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(iii)  the  ascitic  stage,  in  wliich  the  liver  becomes  smaller, 
there  is  definite  ascites  and  increasinf^  jaundice.  The 
patient  becomes  emaciated  and  subject  to  frequent 
gastro-intestinal  and  other  hgemorrhages.  It  is  this 
stage,  to  Avhicli  tlie  name  lianti's  disease  is  commonly 
given. 

Within  a  lew  years  of  Ranti's  original  description  an  extensive 
literature  on  the  subject  appeared.  A  well-defined  clinical 
group  seemed  to  have  been  identified,  and  with  the  methods  of 
pathological  investigation  then  in  use  there  seemed  no  reason 
to  suppose  that  all  cases  of  this  nature  did  not  have  a  common 
cause. 

In  the  light  of  more  recent  knowledge,  a  study  of  the  cases 
reported  by  these  earlier  writers  shows  that  many  etiologically 
very  different  conditions  were  included  under  the  term  "  splenic 
anjcmia." 

The  first  condition  to  be  separated  from  this  group  was  a 
form  of  splenomegaly,  having  an  entirely  distinct  morbid 
histology  and  first  described  by  Gaucher  ^  in  1882,  who  employed 
the  term  "  epitheliomc  primitif  "  to  the  pathological  change  he 
found  in  the  spleen  and  other  viscera.  Although  the  actual 
cause  of  this  disease  is  not  yet  known,  in  view  of  the  peculiar 
histological  features  it  presents,  there  is  general  agreement  in 
placing  it  in  a  class  by  itself,  and  it  is  maintained  by  some 
authorities  (Brill  and  Mandclbaiun)  ^  that  this  disease  can, 
in  many  cases,  be  differentiated  on  clinical  grounds. 

'In  1907  Chauffard  discovered  a  method  of  estimating  the 
fragility  of  the  red  blood  corpuscles,  and  as  a  consequence  the 
disease  "  acholuric  jaundice  "  was  removed  from  the  splenic 
anaemia  category,  and  with  it  disappeared  many  cases  of  the 
familial  type  of  splenic  anaemia. 

With  the  introduction  of  the  W^assermann  reaction  it  became 
possible  to  differentiate  yet  another  class  of  case,  the  syphilitic 
splenomegalies. 

Osier  clearly  realised  that  the  term  splenic  anicmia  was 
applied  to  a  clinical  condition,  which  had  no  specific  pathological 
or  etiological  basis,  when  he  defined  the  disease  as  "  an  intoxica- 
tion of  unknown  nature,  characterised  by  great  chronicity, 
primary  progressive  enlargement  of  the  spleen  which  cannot  be 
correlated  with  any  known  cause,  ana?mia  of  a  secondary  type, 
with  leueopenia,  a  marked  tendency  to  h<'cmorrhage — particu- 
larly from  the  stomach — and  in  many  cases  a  terminal  stage 
with  cirrhosis  of  the  liver  and  jaundice." 

It  follows  from  this  very  generally  accepted  definition  that 
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as  soon  as  the  cause  of  a  case  of  splenic  anaemia  is  known  it 
can  no  longer  be  regarded  as  a  case  of  splenic  anaemia.  Or, 
as  Mayo  tersely  says,  "  Put  in  the  form  of  an  Ilibernism,  incom- 
plete knowledge  is  essential  to  the  diagnosis." 

In  this  manner  the  following  forms  of  splenomegaly  have 
been  in  turn  withdrawn  from  the  symptom  group  originally 
called  splenic  anaemia— Gaucher's  disease,  acholuric  jaundice, 
the  splenomegalies  of  syphilis,  tuberculosis,  malaria,  kala-azar 
and  von  Jaksch's  ana-mia. 

There  still  remain,  however,  many  cases  for  which  no  cause 
has  yet  been  found,  and  for  which,  therefore,  according  to  Osier's 
definition,  the  term  splenic  anaemia  is  still  applicable.  The  cases 
to  be  described  here  belong  for  the  most  part  to  this  latter  group. 

II.— The  Guy's  Hospital  Series  of  Cases 
Durincr  the  past  twenty  years  about  forty  cases  diagnosed 
as  splenic''ana>mia  were  admitted  to  the  wards  of  Guy's  Hospital. 
Of  these  only  those  who  could  be  traced  or  on  whom  post- 
mortems'were  performed  are  reported  here,  with  the  addition 
of  a  few  in  whom  the  diagnosis  seemed  fairly  certain. 

It  is  to  be  regretted  that  in  some  cases  essential  details  are 
lacking  in  the  records  available,  especially  among  those  admitted 
during  the  War,  when  the  hospital  was  suffering  from  a  great 
shortage  of  ward-clerks.  ■ 

Throughout  this  paper  no  attempt  has  been  made  to  distin- 
guish bettveen  splenic  anaemia  and  Banti's  disease.  All  cases 
of  splenic  anemia,  however  prolonged,  do  not  necessarily 
develop  into  Panti's  third  stage  with  cirrhosis  of  the  liver 
and  ascites,  whereas  in  some  the  liver  appears  to  be  affected 
comparatively  earlv. ,  The  condition  of  the  liver,  indeed,  would 
seem  to  be  one  of  the  most  variable  features  m  splenic  anicmia, 
and  unless  extensively  damaged  it  is  not  possible  to  determine 
its  exact  state  clinically. 

A  study  of  this  scries  of  cases  serves  to  indicate  the  main 
features  of'the  disease,  and  it  is  therefore  unnecessary  to  describe 
in  detail  all  the  signs  and  symptoms.  Certain  features  of 
special  interest  will  alone  be  discussed. 

Clinical  History  and  Symptoms. 
The  onset  is  usually  insidious.  When  acute,  it  must  be 
presumed,  in  view  of  the  chronic  nature  of  the  lesions  found 
in  the  spleen,  that  the  disease  had  already  been  present  for  some 
considerable  time  without  causing  severe  symptoms,  and  that 
either  an  acute  cxaccrl)ation  had  occurred  or  that  some  inter- 
current infection  had  stirred  a  latent  process  into  activity. 
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Usually  the  disease  runs  a  prolonged  course;  the  longest 
period  from  the  onset  of  severe  symptoms  in  this  series  was 
twelve  years  in  Cases  VII  and  X,  sixteen  years  in  Case  XX,  and 
twenty-four  years  in  Case  III. 

All  eases  do  not  necessarily  proceed  to  a  fatal  termination, 
even  it"  left  untreated,  and  the  subsequent  history  in  Cases  III, 
IX,  X  and  XX  suggests  that  in  some  instance  at  least  the 
disease  is  a  self-limited  process,  having  an  active  stage  repre- 
sented by  anirmia,  indigestion  and  other  symptoms,  and  a 
quiescent  stage,  in  which  an  enlarged,  fibrotic  and  functionless 
spleen  is  left  as  a  harmless  legacy  of  past  infection. 

No  age  is  exempt,  but  the  disease  is  said  to  be  less  common 
under  five  years  and  over  fifty-five.  In  early  childhood  a 
difficulty  arises  as  to  the  relation  between  splenic  anaemia  and 
splenic  anaemia  infantum  or  von  Jaksch's  disease.  The  latter 
is  characterised  by  a  high  leucocytosis  with  a  large  proportion 
of  transitional  cells,  and  numerous  nucleated  red  cells ;  but  the 
distinction  is  complicated  by  the  fact  that  a  normal  infant's 
blood  contains  a  relatively  high  number  of  white  cells.  Many 
cases  of  von  Jaksch's  disease  recover  spontaneously,  c.  g.  Case  IX, 
possibly  for  the  reasons  suggested  above.  It  is  impossible  in 
the  present  state  of  knowledge  to  affirm  that  the  adult  and 
infantile  forms  of  splenic  ansemia  arc  two  separate  diseases, 
and  that  their  distinguishing  features  are  not  rather  the 
respective  reactions  of  the  adult  and  the  infant  to  a  similar  set 
of  causes. 

The  symptoms  may  be  divided  for  convenience  of  descrip- 
tion into  two  groups  :  (i)  those  consequent  upon  the  anaemia, 
such  as  increasing  pallor,  breathlessness,  palpitations,  and 
lassitude;  (ii)  those  resulting  from  lesions  of  the  spleen-liver 
system,  such  as  dragging  pains  in  the  abdomen,  gastric  and 
other  haemorrhages,  and  ascites. 

The  most  important  and  dangerous  symptom  is  hsematemesis ; 
it  may  be  the  first  symptom  complained  of,  is  usually  recurrent, 
and  may  be  extremely  severe.  Several  pints  of  blood  were 
^•omitcd  in  Case  XXVI  in  the  course  of  a  few  days.  The  source 
of  this  haemorrhage  is  not  always  apparent  post-mortem. 
Dilatation  of  the  splenic  vein  and  oesophageal  veins  is  some- 
times found,  presumably  from  torsion  produced  by  the  dragging 
of  an  enlarged  spleen.  In  other  conditions,  however,  in  which 
the  spleen  attains  an  even  greater  size,  as  in  spleno-mcdullary 
leukajmia,  copious  haematcmesis  is  rare.  Osier  ^  suggests  that 
as  the  blood  flows  from  the  cardiac  end  of  the  stomach  into  the 
splenic  vein,  the  vasa  brevia  may  become  kinked  in  the  gastro- 
splenic  omentum,  and  as  40  per  cent,  of  the  blood  from  the 


CHRONIC   SPLENOMEGALY  23 

stomach  flows  in  this  direction,  extreme  engorgement  oi"  tlie 
stomach  wall  would  result  in  oozing.  It  is  possible  also  that 
infective  material  passes  from  the  spleen  to  the  stomach  in  the 
form  of  emboli,  giving  rise  to  acute  superficial  ulceration.  In 
some  cases  the  haematemescs  are  splenic  rather  than  hepatic 
in  origin,  as  they  occur  before  cirrhosis  of  the  liver  has  developed 
and  become  very  rare  after  splenectomy.  In  Case  XIX  a 
single  moderately  severe  attack  of  haematemesis  occurred  a  few 
months  after  splenectomy,  and  two  slight  attacks  just  before 
his  death  six  years  later ;  in  this  case,  however,  a  slight  degree 
of  cirrhosis  was  present. 

Haemorrhages  from  other  parts  of  the  body  are  uncommon 
with  the  exception  of  cpistaxis,  which,  as  is  seen  in  this  series 
of  case-histories,  often  occurs  quite  early  in  the  disease. 

The  relation  of  these  haemorrhages  to  the  disease  is  still  not 
clear.  Dr.  Lauriston  Shaw,'  writing  in  these  Reports  in  1902, 
pointed  out  that  it  ma}^  be  possible  to  separate  cases  of  splenic 
anicmia  into  two  broad  groups,  in  which  the  sequence  of  events 
appears  to  be,  in  one,  (1)  large  spleen,  (2)  anirmia,  (3)  general 
haemorrhagic  tendency,  in  the  other,  (1)  large  spleen,  (2)  local 
gastric  haemorrhage,  (3)  ana-mia. 

Morbid  Anatomy. 

The  Spleen. — The  spleen,  as  a  rule,  is  moderately  enlarged, 
rarely  attaining  the  enormous  size  found  in  spleno-medullary 
leukaemia  or  Gaucher's  disease,  in  which  the  largest  spleens 
on  record  have  been  described.  The  largest  in  this  scries 
(VI)  weighed  228G  grams,  compared  with  the  normal  of  about 
200  grams.  The  spleen  from  Case  XVI  was  probably  somewhat 
bigger,  but  the  exact  weight  has  not  been  recorded.  The  organ 
retains  its  normal  form ;  the  capsule  is  generally  somewhat 
thickened  and  frequently  shows  patches  of  perisplenitis  on  the 
surface. 

In  Case  XXIV  a  condition  of  subacute  universal  perisplenitis 
was  present,  a  layer  of  fibrin  being  found  over  the  whole  of  the 
enlarged  spleen ;  a  loud  rub  had  been  audible  over  the  spleen 
for  a  couple  of  days,  but  liad  become  indistinct  a  few  hours 
before  the  operation. 

Microscopically,  the  essential  feature  is  the  great  increase 
in  the  amount  of  librous  tissue  throughout  the  organ.  The 
splenic  veins  are  frequently  thickened  and  show  evidence  of 
cndo])lilebitis.  Some  of  the  lymph  nodes  are  apparently  healthy, 
but  the  majority  are  sclerosed  and  replaced  by  fibrous  tissue 
spreading  outwards  from  the  sheath  of  the  follicular  artery. 
Not  infrequently  the  Malphigian    bodies    are    completely   re- 
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placed  by  dense  fibrous  tissue.  The  reticulum  of  the  pulp  is 
usually  thickened. 

Endothelial  proliferation  oi"  the  venous  sinuses  of  the  pulp 
has  frequently  been  noted,  but  it  docs  not  appear  to  have 
been  present  in  any  of  the  cases  reported  here,  with  the  possible 
exception  of  Case  XXII.  Phagocytosis  of  red  cells  is  only 
occasionally  seen.  Pigment  granules  are  generally  found 
scattered  throughout  the  sections,  but  arc  most  abundant  in 
the  neighbourhood  of  vessels.  Haemorrhages  and  infarcts  are 
of  frequent  occurrence. 

The  whole  picture  suggests  a  defensive  reaction  to  a  chronic 
irritation,  and,  as  the  most  marked  changes  are  found  in  the 
neighbourhood  of  the  vessels  and  may  even  involve  them,  its 
ha^mic  origin  can  hardly  be  doubted. 

The  Liver. — Cirrhosis  of  the  liver  is  not  confined  to  those 
cases  presenting  the  complete  Banti  syndrome.  Slight  cirrhosis 
was  seen  at  operation  in  several  of  the  present  series  of  cases 
when  its  presence  had  not  been  established  clinically.  The 
post-mortem  records  give  only  brief  notes,  stating  that  a  slight 
but  definite  cirrhosis  was  present,  which  was  chiefly  portal  in 
type. 

Portal  and  Splenic  Veins. — Thrombosis  of  these  veins  was 
found  at  the  autopsy  in  Cases  XIV,  XVI,  XX,  XXIII  and 
XXV  of  this  scries,  but  in  all  cases  it  was  considered  to  be  a 
post-operative  phenomenon,  and  too  recent  to  have  had  any 
part  in  the  causation  of  the  disease.  The  condition  of  these 
vessels  is  important  ctiologically  in  view  of  two  cases  published 
by  Dock  and  Warthin,^  who  described  stenosis  and  calcification 
of  the  portal,  splenic  and  mesenteric  veins,  which  they  con- 
sidered to  be  the  primary  factor  in  the  causation  of  the  disease 
in  their  cases.  Other  cases  have  since  been  recorded,  in  which 
chronic  obstruction  of  the  portal  vein  followed  an  abdominal 
injury,  and  in  which  splenomegaly  resulted  with  secondary 
anaemia,  leucopenia  and  gastro-intestinal  haemorrhages,  pre- 
senting a  group  of  symptoms  indistinguishable  from  those 
of  splenic  anaemia. 

The  Lymj)h  Glands. — The  absence  of  any  enlargement  or 
hypertrophy  of  the  lymph  glands  is  a  remarkably  constant 
feature  of  this  disease.  No  hyperplasia  of  the  haemolymph 
glands  was  noted  at  the  post-mortem  examination  of  any  of 
the  above  cases.  It  is  possible  that  the  oedema  of  the  neck, 
cliest  and  arm  which  occurred  in  Case  XXVI  fourteen  days 
after  splenectomy,  was  caused  by  a  compensatory  hypertrophy 
of  certain  lymph  glands  causing  pressure  upon  adjacent  vessels; 
but  of  this  there  was  no  proof,  and  tlic  phenomenon  was  entirely 
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unilateral.  The  x-rays  Iiad,  howcNcr,  shown  a  well-marked 
shadow  in  the  posterior  mediastinum,  which  was  probably  due 
to  enlarged  mediastinal  glands,  the  pressure  of  whieh  on  the 
recurrent  laryngeal  nerve  possibly  explains  the  persistent 
paralysis  oi"  the  left  vocal  cord. 

Peritoneum  and  G astro-intestinal  Tract. — Chronic  peritonitis, 
generalised,  or  more  frequently  local,  in  the  form  of  perisplenitis 
and  perihepatitis,  are  constant  features  of  all  long-standing  cases. 
Of  three  patients  reported  here,  who  suffered  from  haematemesis 
and  subsequently  died,  the  veins  at  the  cardiac  end  of  the 
stomach  and  oesophagus  were  varicose  in  one  only  (Case  XXIII). 
These  vessels  were  found  to  be  considerably  enlarged  in  Case  XX, 
but  this  patient  had  never  suffered  from  ha?matemesis. 

The  Bone-marrozv. — The  bone-marrow  of  the  middle  of  the 
femur  was  examined  in  Case  XVI  and  found  to  be  abnormally 
red.  No  similar  observations  were  made  in  the  other  cases. 
The  presence  of  circumscribed  lymphoid  areas  or  myelomata  in 
the  bone-marrow,  as  described  by  Sir  Frederick  Taylor  ^  and 
others,  was  not  noted  in  any  of  our  cases. 

Pathogenesis 

Whether  splenic  anaemia  and  J^anti's  disease  are  to  be 
regarded  as  specific  entities  or  merely  as  clinical  syndromes  has 
been  a  disputed  point  for  many  years.  From  the  fact  that  the 
disease  can  be  cured  by  splenectomy  under  favourable  condi- 
tions, it  follows  that  the  spleen  must  be  in  s(mie  way  responsible, 
and  that  the  anaemia,  in  certain  cases  at  least,  must  be  attributed 
to  the  presence  of  a  damaged  spleen.  The  disease  must  there- 
fore either  arise  primarily  in  the  spleen,  or  the  enlargement  of 
the  latter  must  be  the  result  of  its  reaction  to  some  process 
situated  elsewhere  in  the  body. 

The  morbid  histology  of  the  spleens  previously  described 
certainly  points  to  some  infective  agent  within  the  spleen 
itself.  The  absence  of  excessive  haemolysis  in  this  disease  is 
opposed  to  the  view  that  the  splenomegaly  is  the  result  of  over- 
action  on  the  part  of  the  spleen  in  destroying  red  cells,  and 
also  to  the  view  that  the  anaemia  is  the  result  of  an  haemolytic 
process.  That  some  substance  manufactured  in  an  infected 
spleen  exerts  a  repressive  action  on  the  hacmopoietie  functions 
of  the  bone-marrow  would  seem  to  offer  a  more  likely  explana- 
tion of  the  anaemia  in  this  disease.  It  may  be  objected  that 
such  cases  as  those  described  by  Dock  and  Warthin  had  their 
origin  in  a  lesion  situated  at  first  outside  the  spleen ;  but  these 
writers  themselves  admit  that  the  process  may  have  been  in 
the  reverse  direction.     Eanti  observed  an  endophlebitis  with 
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calcification  of  the  splenic  veins,   extcndino-  up  to,  and  even 
into,  the  portal  vein. 

With  the  single  exception  of  aeholuiie  jaundice,  all  those 
conditions  which  have  now  been  removed  from  the  splenic 
ana*mia  group  have  been  shown  to  be  of  protozoal  or  bacterial 
origin.  The  demonstration  of  an  infecting  agent  in  the  remain- 
ing cases  would  therefore  seem  to  ofier  the  most  hopeful  field 
for  future  research. 

The  Demonstration  of  Infecting  Organisms  in  the  Spleen 

Banti  attenijjted  to  demonstrate  micro-organisms  in  tlie 
blood  and  viscera  in  splenic  anaemia,  and  also  to  reproduce  the 
condition  in  lower  animals,  but  without  success.  In  spite  of 
this,  he  insisted  that  the  splenic  enlargement  was  primary  and 
due  to  an  unknown  infective  agent  in  the  spleen. 

In  1914  A.  G.  Gibson,!"  of  Oxford,  reported  the  finding  of  a 
streptothrix  in  certain  cases  resembling  Banti's  disease;  cul- 
tural confirmation  was  not  then  possible,  but  has  since  been 
achieved.  Five  cases  were  reported  in  full;  the  first  had 
tuberculosis  of  the  lungs  and  liver  with  splenomegaly;  the 
second  was  Case  XIX  of  this  series ;  the  third  a  case  of  mcdi- 
astino-pericarditis  with  enlarged  spleen ;  the  fourth  a  case  of 
chronic  heart  failure  without  splenomegaly ;  and  the  fifth  a  case 
of  phthisis  with  a  syphilitic  liver  and  splenomegaly. 

It  is  difficult  to  understand  the  exact  part  played  by  this 
organism  in  such  diverse  conditions  as  the  above,  and  its 
relationship  to  JJanti's  disease  is  not  yet  clear,  but  it  may  well 
prove  to  be  a  causal  factor  in  some  cases.  Further  results  of 
Gibson's  work  will  be  awaited  with  interest. 

Ilollins  1!  in  1915  succeeded  in  producing  splenomegaly 
with  secondary  anaemia  in  rabbits  by  repeated  subcutaneous 
injections  of  Bacillus  coll.  At  autopsy,  however,  he  was  unable 
to  recover  any  living  micro-organisms. 

Syphilis  and  Splenic  Ancemia 

Gibson's  second  case,  referred  to  above,  was  quoted  by 
Osier  as  an  example  of  a  syphilitic  splenomegaly  simulating 
splenic  anaemia.  Since  the  introduction  of  the  Wassermann 
test  a  certain  number  of  cases  of  splenic  anaemia  have  been 
found  to  give  positive  reactions,  and  this  has  led  to  much 
dispute  as  to  whether  these  cases  are  syphilitic  in  origin  or 
whether  the  lesions  in  splenic  anaemia  are  such  as  will  some- 
times give  a  pcjsitive  result  with  this  test,  just  as,  according  to 
reetain  French  authors,   many  cases   of  ordinary  cirrhosis  of 
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the  liver  give  a  positive  Wassermaim  reaetion,  presumably  in 
the  absence  oi'  syphilitic  infection.  Possibly,  also,  splenic 
anaemia  may  occur  in  a  syphilitic  subject,  as  an  independent 
affection,  as  may  have  been  the  ease  in  No.  XXIV  of  this  series. 

In  any  case  it  has  been  definitely  established  that  syphilis 
may  give  rise  to  a  clinical  picture  indistinguishable  from  splenic 
anaemia,  and  that  we  are  therefore  justified  in  relegating  such 
cases  to  a  class  by  themselves,  for  which  "  syphilitic  splenic 
anaemia  "  may  be  a  convenient  title.  Such  a  condition  was 
described  by  Coupland  12  in  189G,  in  a  woman  whose  spleen 
was  removed  with  great  benefit  for  what  was  thought  to  be 
simple  splenic  anaemia,  and  who  died  two  years  later  from 
gastro-intestinal  haemorrhages  and  ascites,  and  in  whom  the 
liver  was  found  at  autopsy  to  be  syphilitic. 

W.  J.  IMayo  ^^  has  recently  removed  the  spleens  from  five 
patients  with  chronic  syphilitic  splenomegaly,  who  had  resisted 
all  anti-syphilitic  treatment;  after  splenectomy  the  anaemia 
disappeared,  and  all  the  patients  reacted  favourably  to  very 
mild  anti-specific  measures.  In  two  of  these  cases  the  Spiro- 
chceta  jjcillida  was  subsequently  recovered  from  the  spleens. 

It  is  the  familiar  experience  of  those  who  have  had  charge 
of  venereal  clinics  that,  so  far  as  the  Wassermann  reaction  is 
concerned,  certain  cases  resist  all  treatment,  however  active 
and  prolonged.  The  assumption  is  that  the  spirocluete  or  its 
products  is  in  some  manner  locked  up  in  the  tissues  and  cannot 
be  reached  by  any  ordinary  method  of  treatment.  Such  an 
hj'pothesis  would  account  for  the  improvement  which  inuiie- 
diately  follows  removal  of  the  spleen  in  the  type  of  case  under 
consideration,  and  for  the  disappearance  of  the  positive  Wasser- 
mann reaction  in  Case  XIX  without  further  anti-syphilitic 
remedies  being  used. 

Focal  Sejjsis  and  Sj)lcnic  Anosmia 

The  striking  sequence  of  events  in  Case  VI  justifies  the 
belief  that  the  disease  was  secondary  to  focal  infection.  Three 
years  after  the  complete  eradication  of  an  obvious  focus  of 
infection  in  the  teeth,  both  the  anaemia  and  the  enlarged  spleen 
had  disappeared.  It  is  possible  that  the  tonsils  were  acting  in 
a  similar  manner  as  a  primary  focus  of  infection  in  Case  IX. 

It  is  not  very  uncommon  to  find  women  with  uterine  fibroids, 
which  give  rise  to  constant  loss  of  small  quantities  of  blood, 
and  in  whom  there  is  a  slight  but  definite  enlargement  of  the 
spleen.  Repeated  loss  of  small  quantities  of  blood  produce  a 
severe  secondary  anaemia,  but  do  not  cause  enlargement  of  the 
spleen  unless  some  other  factor  is  present  as  well.     In  one 
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such  case  recently  iu  (Juy's  Hospital,  Mr.  C.  II.  Medlock 
observed  that  both  the  anieiiiia  and  the  enlargement  of  the 
spleen  disappeared  shortly  after  the  uterus  had  been  removed. 
The  most  probable  explanation  is  that  the  uterus  was  acting 
as  a  focus  of  infection,  from  which  organisms  were  being  carried 
to  the  spleen,  which  had  become  enlarged  in  its  efforts  to  deal 
with  them,  and .  that  the  whole  process  was  cut  short  by  the 
removal  of  the  focus  of  infection. 

It  is  not  suggested  that  this  case  is  a  typical  example  of 
splenic  anaemia  due  to  a  focal  infection;  it  is  only  recorded  to 
show  the  possible  relation  between  a  focal  infection  and  disease 
of  the  spleen.  A  similar  cause  operating  over  an  interval  of 
many  years  would  seem  to  offer  a  reasonable  explanation  of 
Case  III  of  this  series. 

Tuberculosis  and  Splenic  Ancemia 

Massive  tuberculosis  of  the  spleen  causing  great  enlargement, 
a  secondary  type  of  anaemia  and  no  obvious  evidence  of  infection 
elsewhere,  is  rare.  Giflin,i^  however,  states  that  it  is  not 
exceedingly  rare,  but  that  it  is  probably  always  secondary  to 
a  primary  focus  in  some  other  part  of  the  body.  Winternitz  ^^^ 
in  1912  collected  fifty  cases  of  this  type,  and  of  those  operated 
upon  59  per  cent,  recovered ;  in  the  remaining  cases  the  disease 
ultimately  became  generalised  and  proved  fatal. 

Secondary  tuberculosis  of  the  spleen  is  quite  common  and 
usually  miliary  in  type.     Case  XVIII  was  perhaps  of  this  nature. 

A  consideration  of  the  evidence  afforded  by  a  study  of 
these  cases,  defective  as  it  is  in  many  instances,  leads  to  the 
conclusion  that  in  splenic  anaemia  we  arc  dealing  with  a  clinical 
entity — a  syndrome  resulting  from  fibrosis  of  the  spleen,  in 
whatever  manner  this  was  originally  produced.  The  anaemia, 
when  not  directly  caused  by  ha;morrhages,  is  probably  due  to 
a  depression  of  the  normal  bone-marrow  functions  caused  by 
circulating  toxins  manufactured  in  the  infected  spleen,  rather 
than  to  an  excessive  blood  destruction  occurring  in  the  spleen. 

Seeing  that  a  large  number  of  cases  can  be  cured  by  removal 
of  the  fibrotic  spleen,  it  might  be  thought  that  the  demonstra- 
tion of  the  specific  infective  agent  at  work  in  any  case  would 
be  of  no  practical  value.  But  such  knowledge  may  well  have 
an  important  bearing  upon  the  prognosis,  and  the  operative 
mortality  may  be  still  further  reduced  by  a  more  scientific 
selection  of  cases.  It  is  possible  also  that  only  the  toxins  of 
certain  organisms  give  rise  to  cirrhosis  of  the  liver,  thus  account- 
ing for  the  fact  that  some  cases  never  develop  the  complete 
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Banti  syndrome,  however  long  the  patient  may  Hve  after  the 
spleen  becomes  infected. 

Treatment 

A  search  for  and  removal  of  possible  foci  of  infection  should 
never  be  omitted ;  if  after  a  reasonable  time  no  improvement 
follows,  the  question  of  splenectomy  has  to  be  considered.  If 
a  positive  Wassermann  reaction  be  obtained,  ordinary  anti- 
syphilitic  remedies  should  be  given,  but  the  treatment  should 
not  be  prolonged  if  no  improvement  occurs,  as  in  many  of 
these  cases  early  operation  appears  to  offer  the  best  hope  of 
a  cure. 

In  the  majority  of  all  cases  removal  of  the  spleen  is  the 
only  possible  method  of  treatment.  The  operative  mortality 
in  the  present  series  of  cases  is  exceedingly  high ;  but  a  refer- 
ence to  the  case-histories  shows  that  in  most  of  the  fatal  cases 
operation  was  attempted  as  a  last  resort  in  patients  who  were 
in  extremis,  and  who  had  suffered  from  the  disease  for  many 
years.  Of  seven  cases  under  the  age  of  twenty-five  in  whom 
the  spleen  was  removed,  five  made  a  complete  recovery;  one 
of  these  died  a  year  later  from  an  independent  infection,  and 
another,  Case  XIX,  died  six  and  a  half  years  later.  The  im- 
portance of  operating  as  early  as  possible  in  the  course  of  the 
disease  is  thus  well  illustrated. 

Dr.  A.  F.  Hurst  lays  special  stress  on  the  importance  of 
realising  that  the  presence  of  a  rub  over  the  spleen  is  an  urgent 
indication  for  operation.  The  condition  found  on  opening  the 
abdomen  in  Case  XXIV  clearly  showed  that  if  there  had 
been  any  delay  the  spleen  would  have  become  so  universally 
adherent  to  the  surrounding  parts  that  excision  would  have 
been  impossible.  On  the  other  hand,  even  the  presence  of 
definite  cirrhosis  with  well-marked  ascites  and  severe  anjcmia 
is  no  contra-indieation,  especially  if  transfusion  be  given  intra- 
venously, as  shown  by  the  recovery  of  Case  XXVI,  in  wliich 
the  condition  prior  to  operation  was  extremely  critical.  In- 
cidentally it  may  be  noted  that  in  this  latter  case  there  was  no 
recurrence  of  the  ascites  after  the  operation.  Dr.  A.  F.  Hurst 
has  put  forward  the  view  that  the  probable  explanation  for 
this  is  that  the  portal  vessels  are  capable  of  dealing  with  a 
normal  quantity  of  blood,  but  are  overwhelmed  when  they 
also  receive  the  enormous  additional  quantity  supplied  by  the 
large  spleen,  and  consequently  they  become  incompetent. 

Two  Cases,  XIX  and  XXI,  are  alive  and  well  six  and  a  half 
and  six  years  respectively  after  splenectomy.*  Cases  XXII, 
*  Case  XIX  died  in  November  1921,     Vide  detailed  report. 
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XXIV  and  XX\'I  arc  also  \\v\\  live  years,  two  years,  and 
eighteen  months  respeetively  alter  o})eration. 

It  Avonld  be  unlair  to  draw  conehisions  as  to  the  operative 
mortahty  in  splenie  ana^iiia  from  sneh  a  small  number  of  eases. 
Moynihan  i*^  quotes  the  ligures  from  the  Mayo  Clinie,  where, 
up  to  Se])tcmber  1920,  seventy-three  operations  had  been  per- 
formed with  nine  deaths,  an  operative  mortality  of  12-3  per  eent. 

X-ray  applieations  were  tried  in  several  of  our  cases,  but 
without  success,  with  one  exception.  A  temporary  reduction 
in  the  size  of  the  spleen  could  generally  be  produced,  and  as  a 
preliminary  to  splenectomy  this  may  be  of  service.  The  one 
exception  is  Case  III  {vide  detailed  report),  in  wdiich  x-ray 
applieations  over  the  region  of  the  spleen  were  the  only  treatment 
employed.  This  patient  is  now,  sixteen  years  later,  a  com- 
paratively healthy  woman. 

The  value  of  blood  transfusion  can  hardly  be  over-estimated, 
either  as  a  means  of  restoring  a  very  ana.uiiic  patient  to  a 
condition  in  which  operation  can  be  performed  without  undue 
risk,  or  as  a  method  of  resuscitation  during  an  extensive  and 
formidable  operation,  in  whieli  much  loss  of  blood  is  liable  to 
occur.  The  striking  manner  in  which  both  these  points  were 
illustrated  in  Case  XXVI  has  been  referred  to  previously.  In 
this  connection,  a  further  suggestion  made  by  Dr.  A.  F.  Hurst 
may  be  mentioned.  During  the  operation,  if  the  anaemia  is 
severe,  a  considerable  quantity  of  blood  could  be  saved  if  the 
splenic  artery  were  ligatured  first  and  the  spleen  squeezed  before 
the  vein  were  tied,  as  the  spleen  contains  an  enormous  quantity 
of  blood,  which  could  in  this  way  be  saved  for  the  patient. 

Conclusions 

1.  Splenic  ana?mia  is  not  a  specific  disease,  but  a  clinical 
syndrome  produced  by  a  variety  of  causes. 

2.  This  syndrome  is  probably  always  the  result  of  a  chronic 
infection  situated  in  the  spleen  itself. 

3.  In  some  cases  a  primary  focus  of  infection  can  be  dis- 
covered elsewhere  in  the  body,  and  the  removal  of  such  a  focus 
will  cure  the  disease. 

4.  All  cases  do  not  necessarily  proceed  to  a  fatal  termination, 
however  prolonged.  In  some  the  process  is  self-limited,  the 
active  infection  of  the  spleen  dies  out  or  is  overcome,  and 
spontaneous  cure  results. 

In  conclusion  I  wish  to  offer  my  thanks  to  the  members  of 
the  consulting  and  active  staffs  for  their  kindness  in  allowing 
me  to  publish  details  of  the  cases  formerly  under  their  care. 
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I  wish  also  to  thank  Dr.  A.  F.  Ilurst  for  his  acl\icc  and 
assistance,  and  Dr.  A.  G.  Gibson  for  giving  me  the  benefit  of 
his  experience,  and  allowing  me  to  see  the  results  of  much  of 
his  yet  unpublislied  work.*  I  am  indebted  also  to  Dr.  Skene 
Keith  for  kindly  performing  the  Wassermann  reactions  in  the 
cases  which  T  was  able  to  trace. 
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CASE  HISTORIES 

The  following  cases  are  described  in  full,  as  they  illustrate 
important  points  in  connection  with  pathology,  symptoms, 
prognosis  or  treatment  of  splenic  anaemia. 

Case  III. — Splenic  Aiuvmia  :   good  health  after  tzventy-Jive  years 
ivith  splcnomegaUj,  ancvmia  and  leucopenia. 

Harriet  H.,  cet.  43,  married,  with  two  children,  was  admitted 
under  Dr.  Horrocks  on  December  20,  1900.  Three  or  four 
years  before  she  had  noticed  a  lump  in  the  left  side  of  her  abdo- 
men, but  this  caused  no  inconvenience.  A  year  ago  her  menses 
became  more  frequent,  and  more  profuse. 

On  admission  she  appeared  to  be  a  fairly  well-nourished, 
healthy-looking  woman.  The  spleen  was  enormously  enlarged, 
the  lower  edge  reaching  to  within  an  inch  of  the  anterior  superior 
spine,  the  anterior  border  an  inch  to  the  right  of  the  umbilicus ; 
it  was  firm  to  the  touch.  The  liver  was  not  enlarged.  There 
was  no  ascites. 

*  Since  writing  the  above.  Dr.  Gibson  has  published  some  further  results 
of  his  work  in  the  Schorstein  Lecture,  Lancet,  October  29,  1921. 
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A  blooil  oxaininatioii  showed— 

Heil  cells.  3,()0().000  per  c.mni. 
White  cells,  no  leucocytosis. 

She  was  iliseharoed  a  week  later  with  her  coiulition  unchanged, 
a  iliaoiu>sis  of  splenic  antrniia  having  been  made. 

During  1901  and  1902  she  always  lost  a  large  {]uantity  ol' 
l)lood  botli  at  and  between  her  menses,  and  she  suffered  from 
bleeding  lueniorrhoids.  She  had  never  vomited  blood  or  suffered 
from  epistaxis.  She  had  struggled  on  with  her  housework 
throughout  this  period,  her  chief  trouble  being  the  dragging 
pain  caused  by  the  lump  in  her  abdomen. 

She  was  readmitted  under  Dr.  Taylor  on  February  11,  1905. 
There  was  a  decided  yellow  tinge  about  the  face,  and  the 
sclcrotics  were  also  yellow.  The  size  of  the  spleen  was  unaltered. 
The  liver  was  still  not  ]ialj)able.  and  there  was  no  ascites. 

A  blood  examination  showed- 

Haemoglobin,  50  per  cent. 
Red  cells,  3,600,000  per  c.mm. 
White  cells,  7,500  per  c.mm. 

X-rays  were  applied  over  the  region  of  the  spleen  on  alternate 
days  for  a  period  of  two  months  with  intermissions,  beginning 
on  April  4-,  and  by  May  2  the  spleen  was  considerably  reduced 
in  size,  the  lower  border  now  being  at  the  level  of  the  umbilicus. 
No  further  reduction  in  size  occurred,  but  an  x-ray  burn 
developed  on  the  lower  part  of  the  abdominal  wall  and  treatment 
was  therefore  discontinued. 

lilood  counts  were  made  throughout  this  period  but  were 
complicated  by  the  fact  that  she  was  losing  blood  per  rectum 
almost  daily. 
'  A  blood  count  on  June  13  showed — 

Haemoglobin,  40  per  cent. 
Red  cells,  2,750,000  per  c.mm. 
W'hite  cells,  5,000  per  c.nmi. 

In  response  to  the  general  and  local  measures  adopted 
the  amount  and  fre(iuency  of  the  lucmorrhages  became  consider- 
ably ditninished,  but  they  were  never  completely  controlled.  She 
has  been  attending  the  out-patient  department  at  monthly 
intervals  since  her  discharge  in  1906  until  now,  September  1921, 
at  first  under  Dr.  A.  F.  Hurst,  and  since  1915  under  Dr.  G.  H, 
Hunt. 

During  this  period  she  has  been  able  to  do  light  household 
work,  but  she  has  continued  to  lose  blood  in  small  quantities 
per  rectum  almost  daily,  but  only  occasionally  per  vaginam. 
At  intervals  she  is  troubled  with  a  dull  pain  in  the  left  side  of 
the  abdomen,  but  the  enlarged  spleen  causes  her  very  little 
inconvenience. 

When  seen  in  April  1921  she  was  a  healthy  looking  woman, 
young  for  her  age  (6 1  years),  well  covered,  with  a  fresh  complexion 
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and  red  lips.  She  did  not  appear  to  be  at  all  aniTcmic.  On 
examination,  the  spleen  was  enlarged  and  tender,  and  did 
not  feel  very  liard ;  the  lower  border  was  at  the  level  of  the 
umbilicus,  and  the  anterior  border  reached  the  mid-line.  The 
liver  was  not  enlarged  and  there  was  no  ascites. 
A  blood  count  showed — 

Hiemoglobin,  78  per  cent. 
Red  cells,  3,490,000  per  c.mm. 
White  cells,  3,940  per  c.mm. 

A  blood  lihn  showed  no  abnormality,  and  the  Wassermann 
reaction  was  negative. 

Case    VI. — Splenic  Ancemia    associated   ivith   oral  sepsis.     No 
splenectomij.     Perfectly  zvcll  sixteen  years  later. 

Elizabeth  L.,  wt.   17,  was  admitted  under  Dr.  Newton  Pitt 
on  January  17,  1905,  for  pain  in  the  left  side  of  the  abdomen. 
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About  three  months  previous  to  admission  she  accidentally 
noticed  a  hard  lump  in  the  left  side  of  her  abdomen,  and  she 
occasionally  had  a  feeling  of  fullness  after  meals. 

Three  weeks  before  admission  she  was  seized  with  a  severe 
pain  in  the  left  side;  the  pain  recurred  at  intervals,  had  no 
relation  to  meals,  and  was  made  worse  by  standing  or  walking. 
Lately  she  had  suffered  from  attacks  of  epistaxis. 

On  admission  her  teeth  were  in  a  very  septic  condition. 
The  spleen  was  greatly  enlarged,  the  lower  edge  being  felt  live 
inches  below  the  umbilicus,  and  the  anterior  edge  in  the  mid- 
line. The  liver  was  not  palpable.  No  free  fluid  could  be 
detected  in  the  abdomen. 

A  blood  count  showed — 

Red  cells,  3,540,000  per  c.nnn. 
White  cells,  4,400  per  e.nmi. 

There  was  an  irregular  pyrexia  throughout  her  stay  in 
hospital,  as  shown  in  the  chart. 
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Splenic  anaemia  ^vas  diagnosed  by  Dr.  Pitt,  wlio  expressed 
the  opinion  that  the  whole  condition  might  be  due  to  the  septic 
teeth  acting  as  a  focus  of  infection. 

All  her  teeth  were  subsequently  removed.  She  continued 
to  have  attacks  of  epistaxis :  and  she  still  ran  a  sHght  tempera- 
ture. On  February  9,  1905,  she  was  discliarged,  her  general 
condition  and  blood  count  being  almost  unchanged. 

Three  years  later  she  was  examined  by  her  doctor,  who  was 
unable  to  find  any  trace  of  an  enlarged  spleen. 

From  that  time  until  now  she  has  been  in  excellent  health, 
and  has  been  able  to  get  al)out  and  do  ordinary  housework. 
She  was  recently  (sixteen  years  after  leaving  Guy's)  examined 
bv  Dr.  W.  P.  Morgan  of  Seaford,  who  kindly  wrote  that  she  was 
in  excellent  health,  and  that  her  spleen  was  not  palpable. 

The  subsequent  history  of  this  case  shows  that  Dr.  Pitts' 
suggestion  as  to  the  septic  origin  of  the  splenic  anaemia  in  this 
case  was  probably  correct. 

Case  VII.^Mild,  chronic  Splenic  Anaemia  of  thirteen  years' 

duration. 

Annie  P.,  a^t.  7,  was  admitted  under  Dr.  Hurst  on  April  29, 
1908. 

A  week  before  she  was  suddenly  seized  with  pain  in  the  abdo- 
men whilst  skipping,  and  vomited  about  a  pint  of  blood.  She 
remained  in  bed  for  a  week  without  further  symptoms  and 
was  then  sent  up  to  the  hospital. 

A  blood  examination  on  admission  showed — 

Haemoglobin,  58  per  cent. 
Red  cells,  2,900,000  per  c.mm. 
White  cells,  3,200  per  c.mm. 

The  lower  border  of  the  spleen  reached  to  about  three  inches 
below  the  umbilicus.  The  liver  was  not  enlarged,  and  there 
was  no  enlargement  of  lymph  glands. 

Splenic  ana:'mia  was  diagnosed,  but  as  she  had  had  no  return 
of  symptoms  and  her  blood  count  had  returned  to  normal, 
the  question  of  splenectomy  was  dismissed  and  she  was  dis- 
charged on  June  3. 

She  remained  in  indifferent  health  for  the  next  five  and  a 
half  years,  occasionally  suffering  from  slight  epistaxis,  and 
attacks  of  abdominal  pain,  but  did  not  again  vomit  blood. 
She  was  re-admitted  on  November  G,  1913,  after  four  days 
illness  of  headache,  abdominal  pain,  and  vomiting,  without 
luematemesis.  The  spleen  was  tender,  the  lower  border  reaching 
one  inch  below  the  umbilicus.  The  liver  was  not  palpable.  The 
Wasscrmann  reaction  was  negative. 

A  blood  count  showed — 

Red  Cells,  5,230,000  per  c.mm. 
White  Cells,  12,000  per  c.mm. 
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The  acute  symptoms  rapidly  subsided  and  she  was  discharged. 
She  was  again  admitted  on  July  9,  1914,  with  a  similar 
attack  of  headache,  abdominal  pain  and  vomiting,  but  no 
haematemesis.  The  spleen  was  tender,  the  lower  border  reaching 
the  level  of  the  umbilicus.  The  liv^er  was  not  palpable.  The 
Wassermann  reaction  was  again  negative. 

A  blood  count  showed — 

Ilamoglobin,  50  per  cent. 
Red  Cells,  2,400,000  per  c.nnn. 
White  Cells,  4,270  per  c.mm. 

A  further  blood  count  taken  three  weeks  later  showed — 

Haemoglobin,  75  per  cent. 
Red  Cells,  4,800,000  per  c.mm. 
White  Cells,  3, GOO  per  c.mm. 

The  acute  symptoms  again  rapidly  cleared  up  and  she 
was  discharged. 

When  seen  in  April  1921,  exactly  thirteen  years  after  her 
only  luematemesis,  she  stated  that  she  still  occasionally  suffered 
from  abdominal  pain,  and  that  the  lump  in  her  side  was  very 
tender.  She  had  been  able  to  do  light  work,  and  had  now  been 
married  one  year.  She  had  never  vomited  blood  since  the 
first  attack  in  1908.  She  occasionally  had  slight  bleeding  from 
the  nose. 

She  is  a  pale,  undersized-looking  girl  of  20  years.  On 
examination  the  spleen  was  found  to  be  enlarged  and  tender, 
but  did  not  feel  particularly  hard,  the  lower  border  reached  the 
level  of  the  umbilicus,  and  the  anterior  border  the  mid-line. 
The  liver  was  not  palpable,  and  there  was  no  evidence  of  ascites, 
and  no  enlargement  of  lymph  glands. 

A  blood  count  showed — 

Haemoglobin,  80  per  cent. 
Red  Cells,  3,000,000  per  c.mm. 
White  Cells,  3,100  per  c.mm. 

The  W^assermann  reaction  was  negative. 

Case    IX. — Splenic    Ancemia    associated    with    tonsillitis.     Xo 
splenectomy ;  quite  well  eight  years  later. 

George  C,  cet.  6  J  years,  was  admitted  under  Dr.  Newton 
Pitt  on  June  2,  1913,  for  enlargement  of  the  spleen  and  vomiting. 

At  four  years  of  age  he  had  his  tonsils  cut,  not  enucleated. 
A  fortnight  previous  to  admission  he  began  to  be  sick  in  the 
mornings,  generally  after  breakfast,  and  it  was  then  noticed 
that  his  abdomen  was  getting  larger.  He  never  vomited  blood, 
and  his  appetite  remained  good. 

He  frequently  complained  of  feeling  tired.  On  admission 
his  temperature  was  101-8°,  pulse  13G,  and  respirations  30. 
He  looked  ana;mic,  and  his  face  had  a  pale  yellow  tinge,  but 
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there  was  no  jaundice.  The  tonsils  were  acutely  inflamed. 
The  spleen  was  orcatly  enlarged,  the  lower  border  reaching  to 
the  anterior  superior  spine.  It  was  not  tender,  but  a  well- 
marked  rub  could  be  heard  over  it.  The  edge  of  the  liver  was 
felt  just  above  the  level  of  the  umbilicus.  There  was  no  ascites. 
A  blood  count  showed — 

Haemoglobin,  70  per  cent. 
Red  Cells,  2,980,000  per  c.mm. 
White  Cells,  0,000  per  c.nnn. 

The  Wassermann  reaction  was  negative. 

Dr.  Newton  Pitt  suggested  a  diagnosis  of  either  von  Jaksch's 
an;eniia  or  splenic  anaemia.  The  acute  symptoms  due  to  the 
tonsillitis  subsided,  and  he  was  discharged  on  August  22,  the 
spleen  and  blood  picture  remaining  in  nuicli  the  same  condition. 

When  seen  early  this  year  (1921)  he  stated  that  he  had 
been  quite  well  since  his  discharge  eight  years  previously.  He 
had  had  no  further  trouble  with  his  throat,  but  had  had  his 
tonsils  "  done  again."  He  looked  extremely  fit,  and  neither 
the  spleen  nor  liver  was  palpable. 

A  blood  count  showed — 

Haemoglobin,  87  per  cent. 
Red  Cells,  4,320,000  per  c.mm. 
White  Cells,  7,480  per  c.mm. 

The  Wassermann  reaction  was  negative. 

Case  X. — Sjilenic  Ancemia.     No  splenectomy ;  quite  well  twelve 

years  later. 

Elizabeth  J.,  aet.  44,  was  admitted  under  Dr.  Fawcett  on 
April  24,  1914,  for  vomiting  blood. 

During  her  fourth  pregnancy,  in  1909,  she  suddenly  vomited 
a  considerable  quantity  of  blood,  but  soon  recovered,  and  the 
pregnancy  terminated  normally.  No  further  trouble  was 
experienced  until  early  in  1914  her  appetite  began  to  fail. 
She  vomited  blood  on  two  occasions  between  January  and 
April  1914.     The  spleen  and  liver  were  both  enlarged. 

A  blood  count  showed — 

Ha?moglobin,  00  per  cent. 
Red  Cells,  2,800,000  per  c.mm. 
White  Cells,  3,800  per  c.mm. 

The  Wassermann  reaction  was  negative.  There  was  no 
pyrexia  throughout. 

At  the  end  of  a  month's  treatment  with  arsenic,  the  red 
cells  had  increased  to  .5,330,000  per  c.nmi.,  but  no  change  was 
found  in  the  condition  of  the  spleen  and  liver.  The  patient, 
however,  felt  very  nuich  better,  and  was  discharged.  She 
has  had  no  return  of  the  symptoms  and  has  enjoyed  very 
good  health. 
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When  seen  early  this  year,  she  looked  a  healthy  woman. 
The  lower  border  of  the  spleen  was  felt  three  fingers'  breadth 
below  the  eostal  margin  ;  it  was  hard  and  the  edge  felt  irregular. 
The  lower  border  of  the  liver  reached  two  fingers'  breadth 
below  the  costal  margin,  but  it  was  not  very  hard. 

A  blood  count  showed — 

Ha?moglobin,  8t  per  cent. 
Red  Cells,  5,200,000  per  c.mm. 
White  Cells,  8,(500  per  c.mm. 

The  Wassermann  reaction  was  negative. 


Case  XIX. — Splenic  Anwmia  zvith  jjositive  W assermann  reaction ; 
no  response  to  anti-specific  treatment ;  apparent  complete 
recoverij  zvith  negative  Wassermann  reaction  after  sj)lenec- 
tomij,  but  death  from  acute  illness  zvith  cerebral  symptoms  and 
hoematemesis  six  and  a  half  years  later. 

Henry  S.,  when  act.  12  in  August  1913,  had  severe  haema- 
temesis  and  melaena  which  continued  for  thirty-six  hours. 
When  first  seen  by  Dr.  A.  F.  Hurst,  in  September  1913,  his 
spleen  was  very  large,  and  the  liver  hard  and  slightly  enlarged. 

A  blood  count  showed — 

Haemoglobin,  36  per  cent. 
Red  Cells,  2,200,000  per  c.nmi. 
White  Cells,  4,050  per  c.nmi. 

The  Wassermann  reaction  was  positive.  There  was  no 
enlargement  of  lymphatic  glands,  and  clinically  he  was  a  typical 
case  of  splenic  anaemia. 

He  was  vigorously  treated  with  salvarsan,  mercury  and 
iodides.  The  Wassermann  reaction  became  only  temporarily 
negative,  and  there  was  no  great  improvement  in  liis  condition; 
a  severe  hsematemesis  occurred  in  January  and  February  1911, 
and  again  in  January  1915. 

Although  operation  was  advised  by  Dr.  Hurst  when  the 
patient  was  first  seen,  this  was  not  performed  until  INIareh  10, 
1915,  when  Mr.  R.  P.  Rowlands  removed  the  spleen.  At  the 
operation  the  liver  was  seen  to  be  definitely  cirrhotic.  There 
was  no  ascites. 

Microscopically  the  capsule  of  the  spleen  was  not  greatly 
thickened.  Immediately  beneath  the  capsule  were  many 
recent  haemorrhages,  and  scattered  throughout  the  section 
were  numerous  pigment  granules,  not  in  any  obvious  relation 
to  the  vessels.  There  was  no  great  excess  of  fibrous  tissue 
anywhere  and  no  marked  endothelial  proliferation.  The 
Malpighian  corpuscles,  though  few  in  number,  a})peare(l  normal. 
The  vessels  everywhere  looked  quite  healthy. 

Rapid  improvement  occurred  after  the  operation.  The 
Wassermann  reaction,  which  was  positive  immediately  before 
operation,    became   negative   directly   afterwards,    and   is   still 
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negative  (January  and  June  1921),  although  no  further  anti- 
svphihtic  treatment  Avas  given. 

There  \vas  throughout  a  low  irreguUir  pyrexia  (Chart  I), 
\vliieh  subsided  a  lew  weeks  after  operation;  a  shglit  rise  in 
temperature  followed  immediately  after  each  dose  of  salvarsan. 
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When  seen  in  January  1921,  he  was  a  fairly  healthy-looking 
youth,  though  somewhat  undersized.  He  stated  that,  with 
the  exception  of  a  small  luematemesis  in  1918,  he  had  enjoyed 
perfect  health  since  the  operation,  and  for  the  last  two  years 
had  been  working  as  a  clerk  in  the  City.  The  liver  was  not 
palpable. 

CHART  II. 

SlTMiMAEY   OF   Bt.OOD-CoUNTS,    ETC. 


Date. 

Hb. 

Ked  Cells 

White  Cells 

Treatment. 

Clinical  condition. 

/o 

Sept.  26, 1913 

36 

2,200,000 

4700 

Nil 

Wassermann  + 

Nov.  11, 1913 

58 

3,300,000 

4050 

,, 

April  17,  1914 

30 

2,550,000 

Salvarsan, 

Hk.  and  Tot. 

L)(l. 

" 

May  4,  1914 

38 

2,030,000 



Liver  less  easily  palpable. 

Spleen  as  before.    Was- 

sermann + 

May  7,  1914 

44 

2,690,000 

— 

" 

Liver  half  inch  smaller. 
Spleen  definitely  smaller. 

May  20,  1914 

50 

3,450,000 

— 

Spleen  increasing  a  little. 

June  12,  1914 

80 

4,120,000 

— 

" 

Spleen  shows  no  change. 
Wassermann  — 

Sept.  29,  1914 

70 

5,200,000 

1760 

No  change. 

(after  3  months 

in  hospital) 

Jan.  29,  1915 

50 

3.230,000 

2320 

" 

No  change  in  liver  and 
spleen.    Wassermann  + 

March  9,  1915 

40 

3,260,000 

1560 

Operation 

March  24,  1915 

50 

4,070,000 

9160 

No  anti- 
syphilitic 
treatment 

April  9,  1915 

50 

1        4,700,000 

9375 

Wassermann  negative. 

Sept.  23,  1915 

89 

1        4,800,000 

5000 

Sept.  15,  1919 

86 

1        4,920,000 

5040 

Jan. 1921 

\  100 

1        4,560,000 

5100 
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For  the  following  notes  as  to  his  subsequent  history  I  am 
indebted  to  Dr.  E.  J.  F.  Hardenberg,  of  Chingford. 

He  had  been  quite  well  and  entirely  free  from  symptoms  up 
to  November  27,  1921,  when  he  complained  of  severe  pain  in 
the  right  side  of  the  face.  The  pain  was  neuralgic  in  type  and 
later  spread  to  the  back  of  the  head  and  neck. 

On  the  following  day  his  temperature  rose  to  101°  F.,  and 
he  vomited  a  considerable  quantity  of  darkly  stained  material. 
There  was  slight  neck  rigidity.  A  little  later  he  had  an  epilepti- 
form convulsion,  the  pupils  reacted  sluggishly  to  light,  the 
knee-jerks  were  brisk,  and  the  plantar  reflexes  were  both 
flexor.  He  remained  semi-conscious.  He  had  two  small 
haematemeses,  and  his  motions  became  black.  The  next  day 
he  had  another  fit  and  died,  four  days  after  the  onset  of  acute 
symptoms.  Unfortunately  permission  for  a  post-mortem  ex- 
amination was  refused,  and  therefore  it  is  impossible  to  say  to 
what  extent  this  terminal  illness  was  connected  with  the  splenic 
anaemia. 

Case  XXIV. — Splenic  Ancemia  in  a  Syphilitic  Youth :  acute 
perisplenitis  with  rub  audible  over  the  spleen  ;  splenectomy  ; 
recovery. 

William  McK.,  cet.  22,  was  admitted  under  Dr.  A.  F.  Hurst 
on  August  29,  1919,  for  anaemia  and  enlargement  of  the  spleen. 
His  mother  and  father  were  said  to  be  quite  healthy.  He  was 
their  only  living  child,  his  mother  having  three  miscarriages 
after  he  was  born.  He  is  said  to  have  had  two  attacks  of 
measles,  the  first  leaving  him  almost  blind,  and  the  second 
causing  almost  complete  deafness. 

Three  months  before  admission  he  first  noticed  a  swelling 
in  the  left  hypochondriac  region,  and  about  the  same  time  he 
began  to  lose  weight. 

On  admission  he  was  a  feeble-looking,  pale  youth,  with  well- 
marked  interstitial  keratitis  of  both  eyes,  and  he  was  very  deaf. 
The  lower  border  of  his  liver  was  felt  two  fingers'  breadth  below 
the  costal  margin,  and  was  very  hard.  The  spleen  reached  just 
below  the  umbilicus,  and  a  loud  rub  could  be  heard  and  felt 
over  it.  A  small  quantity  of  free  fluid  was  present  in  the 
abdomen. 

A  blood  count  by  Dr.  (i.  W.  Nicholson  showed — 

TT;cmogl()l)in,  (51.  per  cent. 
Hed  Cells.  f,()l(),()()()  per  e.nnn. 
White  Cells,  7,160  per  e.nnn. 

The  Wassermann  reaction  was  positive. 

Splenic  anaemia  was  diagnosed,  and  it  was  decided  to  operate 
at  once,  before  trying  the  effect  of  anti-syphilitic  treatment,  as, 
in  view  of  the  ml)  over  the  spleen,  it  was  realised  that  any 
delay  might  make  operation  impossible,  owing  to  the  develop- 
ment of  perisplenitic  adhesions.     On  September  8,   1919,  Mr. 
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L.  Bromley  removed  the  spleen.   The  patient  made  an  uneventful 
reeoverv.     The  liver  appeared  to  be  normal. 

On  Oetol)er  21.  six  weeks  after  the  operation,  a  blood  count 
by  Dr.  Xieholson  showed — 

lltemoolobin,  (>  t  per  cent. 
Red  Cells,  1,390,000  per  c.nnn. 
AVhite  Cells,  12,680  per  c.mm. 

Differential  count — 

Polymorphs,  42-2  per  cent. 
lA-mphocytes,  32-3  per  cent. 
Eosinophils,  9-2  per  cent. 
Hyalines,  15-2  per  cent. 
Basophils,  1-2  per  cent. 

The  Wassermann  reaction  was  still  strongly  positive. 

In  view  of  the  very  great  improvement  in  his  general  con- 
dition, it  was  considered  unnecessary  for  the  present  to  give 
active  anti-syphilitic  treatment,  and  the  patient  was  discharged, 
to  attend  as  an  out-patient. 

When  seen  early  in  the  present  year  (1921)  he  was  extremely 
pleased  with  himself,  and  said  that  he  had  not  had  another 
day's  illness  and  that  the  operation  had  made  a  new  man  of 
him. 

A  blood  count  showed — - 

ILrmoglobin,  75  per  cent. 
Red  Cells,  5,190,000  per  c.mm. 
White  Cells,  13,300  per  c.mm. 

The  Wassermann  reaction  was  strongly  positive. 


Case  XXVI. — Splenic  Anicmia  ivith  cirrhosis  of  liver  and  ascites. 
Complete  recovery  ajier  splenectomy. 

El\  in  H.,  u't.  11,  was  admitted  vmder  Dr.  A.  F.  Hurst  on 
February  IG,  1920,  for  lucmatemesis.  A  few  years  ago  he  had 
frequent  attacks  of  epistaxis,  and  two  months  before  admission 
his  gums  had  bled.  He  was  supposed  to  have  always  bruised 
easily.  On  February  13,  1920,  he  returned  from  work  with  a 
headache,  and  in  the  evening  vomited  an  ounce  of  blood. 
Shortly  afterwards  he  vomited  half  a  pint  of  blood,  and  then 
iK'came  very  faint  and  pale.  Early  next  morning  he  vomited 
a  further  half-pint  of  blood,  and  it  was  then  noticed  that  his 
face  and  chest  were  covered  with  purpuric  spots. 

On  admission  he  was  very  drowsy,  with  pulse  120  and 
temperature  normal ;  his  face  was  very  pale.  The  skin,  espe- 
cially over  the  neck  and  chest,  was  covered  with  minute  purpuric 
spots,  whilst  below  the  left  eye  and  on  both  shins  were  larger 
purplish  areas. 
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Enlarged  glands  were  present  on  both  sides  of  the  neck, 
and  in  the  axilhc  and  groins.  Tlie  lower  border  of  the  spleen 
-was  felt  at  the  level  of  the  nni})ilieus  ;  the  liver  was  not  palpable, 
and  tliere  was  no  evidence  of  ascites. 

A  blood  count  sliowcd — 

Ha?nioglobin,  55  per  cent. 
Red  Cells,  3,GG0,000  per  c.mm. 
White  Cells,  G.'200  per  c.mm. 

Clotting  time  was  1'  45". 

The  Wassermann  reaction  was  negative. 

On  the  evening  of  admission  he  vomited  a  pint  of  blood  and 
a  similar  quantity  the  next  day.  By  this  time  the  purpuric  rash 
had  begun  to  fade. 

On  February  22  a  large  swelling  appeared  in  the  middle  of 
the  left  thigh  on  the  anterior  surface,  which  was  considered  to 
be  a  subperiosteal  hjcmatoma.  In  the  course  of  a  few  days  the 
swelling  disappeared  without  active  interference. 

A  blood  count  at  this  time  showed — 

Haemoglobin,  22  per  cent. 
Red  Cells,  2,280,000  per  c.mm. 
White  Cells,  -1, 200  per  c.mm. 

Dr.  Hurst  decided  to  resort  to  blood  transfusion,  in  the  hope 
that  the  patient's  condition  would  improve  sufficiently  to  allow 
operation. 

On  February  20  transfusion  was  performed  by  Mr.  G.  T. 
Mullaby,  250  c.c.  were  given,  the  boy's  father  being  the  donor 
(both  group  ii).  Improvement  in  the  general  condition  was 
immediate  and  striking,  nmch  greater  than  would  be  assumed 
from  a  reference  to  the  blood  counts  made  at  this  period  and 
given  in  the  table  below. 

At  the  time  of  admission  slight  hoarseness  was  noticed ;  on 
February  28  it  became  much  more  marked,  and  a  laryngoscopic 
examination  showed  that  the  left  vocal  cord  was  fixed  in  a 
position  midway  between  abduction  and  adduction  ;  the  right 
cord  moN'ing  normally. 

A  week  later  he  dexcloped  a  pericardial  elTusion  ;  the  spleen 
became  a  little  larger  and  the  abdomen  somewhat  distended. 
His  condition  was  now  desperate,  and  by  INIarch  IG  the  abdomen 
was  greatly  distended  with  fluid,  and  the  bases  of  both  lungs 
contained  fluid.  The  pericardial  eflusion  had  somewhat  sub- 
sided. 

A  blood  coimt  showed — 

Ha'moglobin,  2G  jier  cent. 
Red  Cells,  2,525,000  per  c.mm. 
White  Cells,  1, 100  per  c.nnn. 

He  had  not  vomited  any  blood  for  a  month  past,  and  a 
faical  specimen  contained  no  occult  blood. 
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Dr.  Iliir^t  dc'ciilcil  that  the  host  CDursc  to  a(l()})t  would  be 
to  remove  the  spleen  and  at  the  same  time  give  another  blood 
transfusion. 

On  March  18  jMr.  L.  Hromlcy  removed  the  spleen.  At  the 
operation  several  pints  of  clear  fiiiid  escaped  from  the  abdominal 
cavity,  and  the  liver  was  seen  to  be  definitely  cirrhotic.  There 
were  a  few  commencing  adhesions  on  the  upper  border  of  the 
spleen.  The  spleen  was  about  six  times  the  normal  size,  firm 
and  much  engorged. 

For  the  following  report  on  the  microscopical  appearances 
of  the  spleen  I  am  greatly  indebted  to  Dr.  A.  G.  Gibson,  of 
Oxford,  to  whom  it  was  sent  for  investigation. 

'"  The  spleen  presents  the  usual  features  of  a  chronic  irrita- 
tion of  an  inflammatory  ty})e.  There  is  much  increase  of  fibrous 
tissue,  especially  in  the  neighbourhood  of  the  veins,  which  are 
grossly  thickened,  and  around  these  also  there  are  haemorrhages. 
The  process  appears  not  to  have  gone  on  long  enough  for  those 
infiltrations  of  iron  pigment  (from  old  lurmorrhage),  in  which 
strcptothrical  threads  are  most  typical  when  such  are  present. 
There  is  a  suspicion  of  thrombo-phlebitis,  and  in  one  vein  there 
can  be  seen  a  bundle  of  threads  round  a  mass  of  leucocytes, 
etc.,  which  are  suspicious,  but  cannot  be  identified  as  an 
extraneous  tissue." 

During  the  operation  a  further  250  c.c.  of  blood  was  trans- 
fused by  Dr.  J.  A.  Kyle  from  the  same  donor  as  before. 

On  the  day  following  the  operation  a  blood  count  showed — 

Haemoglobin,  49  per  cent. 
Red  Cells,  3,200,000  per  c.nmi. 

For  the  next  few  days  a  good  deal  of  leaking  of  ascitic  fluid 
occurred  through  the  lower  end  of  the  abdominal  wound,  but 
this  gradually  ceased,  and  thereafter  no  more  fluid  was  formed. 

P\)urteen  days  later  the  right  arm  and  the  right  side  of  the 
neck  and  chest  became  oL-dcmatous  and  tender,  but  the  swelling 
subsided  spontaneously  in  about  forty-eight  hours.  It  was 
thought  that  this  might  be  due  to  a  compensatory  enlargement 
of  lymph  glands  exerting  pressure  upon  adjacent  vessels.  A 
skiagram  showed  an  area  of  dullness  in  the  posterior  medi- 
astinum which  was  suggestive  of  enlarged  mediastinal  glands. 

Throughout  the  whole  course  of  the  illness  there  was  an 
irregular  ])yrexia,  until  about  three  weeks  after  operation,  when 
it  gradually  subsided. 

From  this  time  onwards  the  patient  made  an  uneventful 
recovery,  and  was  discharged  quite  fit  on  June  16,  1920,  exactly 
four  months  after  admission. 

Since  discharge  from  hospital  the  patient  has  remained  per- 
fectly well,  and  wiien  last  seen,  in  November  1920,  he  looked 
quite  fit,  not  at  all  anaemic.  No  enlarged  lymph  glands  could 
be  felt  anywhere;  the  liver  was  not  palpable,  and  there  was 
no  ascites. 
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A  blood  count  .showed — - 

Haemoglobin,  80  per  cent. 
Red  Cells,  4,190,000  per  c.mm. 
White  Cells,  7,400  per  c.nnn. 

The  Wassermami  reaction  was  negative.  He  was  still  a 
little  hoarse. 

The  following  table  shows  the  relation  of  the  blood  counts 
on  various  dates,  to  the  course  and  treatment  of  the  case — 


Hb.  °o 

E.C. 

W.C. 

P.       L. 

1920 

' 

Feb.  16 

55 

3,660,000 

6200 

Haemateniesis — one  pint  (morphia, 
calcium  chloride  and  lavage). 

„    18 

Hscmatemesis— one  pint. 

„    19 

Two  sHght  haemorrhages. 

,,    22 

22 

2,280,000 

4200 

Inj.  Ferri  Cacodylatis  'nxv  o.ni.  et 
o.u. 

„    26 

Transfused — 250  c.c. 

,.    27 

25 

1,300,000 

3000 

March    8 

26 

1,560,000 

2000 

..      16 

26 

2,525,000 

1400 

„      18 

Splenectomy. 

„      19 

49 

3,200,000 

„     20 

46 

s.(»(io,noo 

,.      21 

45 

:;.n.".ii.ni)0 

,.      27 

50 

:;.: ,Miio 

„      30 

Stitches  removed. 

June  16 

Discharged. 

Nov.  3 

80 

4,190,000 

7400 

58-2 

41 

Hb.  =  Haemoglobin  %.            R.C.  =  Eed  CeUs.  W.C.  =  White  Cells. 

P  =  Polymorphonuclear  Cells.  L  =  Lymphocytes. 

For  the  records  of  this  case  I  am  indebted  to  Mr.  M.  Coburn,  who  was  Clinical  Assistant  in 
charge  of  the  patient  at  the  time. 

The  chief  points  of  interest  in  this  case  are — 

(i)  The  comparatively  sudden  onset  in  view  of  the  chronic 
type  of  lesion  found  in  the  spleen,  which  suggests  an 
acute  exacerbation  in  a  chronic  process,  which  had 
previously  given  rise  to  no  symptoms. 

(ii)  The  purpura  and  subperiosteal  ha>matoma,  which  arc 
uncommon  features  in  splenic  aiuemia. 

(iii)  The  acute  development  of  ascites,  and  the  absence  of 
any  recurrence  after  the  removal  of  the  spleen,  in 
spite  of  the  cirrhotic  condition  of  the  liver. 

(iv)  The  striking  benefit  produced  by  timely  blood  trans- 
fusions, without  wliich  it  is  safe  to  say  that  the  patient 
would  not  have  survived  operation. 

(v)  The  associated  paralysis  of  the  vocal  cord. 
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P4 

PQ 
< 


Course. 

Irregular      pyrexia. 
Teeth   removed.     Dis- 
charged   9.2.05.        16 
years  later  quite  well. 
Spleen    not    palpable. 
Vide  detailed  report. 

Readmitted  3  times 
during   next   9    years, 
each    time    for    abdo- 
minal   pain.     No    fur- 
ther hii-matemcsis.  Fre- 
quent epistaxis.     Vide 
detailed  report. 

Imiiroved.           Dis- 
charged   27.0.13.     He- 
admitted  Jan.  1914  for 
bronclio   -  pneumonia. 
Recovered.      No     fur- 
ther history.     Slie  is  a 
sister  of  Case  XVII. 

Tonsils        removed. 
Complete  recovery.     8 
years  later  quite  well. 
Spleen    not    imlpable. 
Vide  detailed  reiwrt. 

Discharged  condition 
unchanged.   Spontane- 
ous recovery.     7  years 
later,     no     return     of 
symptoms,            quite 
healthy.    Vide  detailed 
report. 

Ascites. 

V 

1 

c 
o 

a 
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None. 

None. 

1^ 

•a 

II 

Just 
palpable. 

Level   of 
umbilicus. 

2* 

Spleen. 

5"      below 
umbilicus. 

Mi 
'"1 

.2-a  . 

£  5 

To    level  of 
ant.  sup.  spine. 
Rub      audible 
over  spleen. 
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1   White 
Hb.      Red  Cells  !    Cells 
%.      per  cmm.       per 
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3,540,000       4400 

2,900,000       3200 

23,000 

2,980,000      6000 

o 

CO 

2,700,000. 
Nucleated 
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2300  per 
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So 
^1 
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Re- 
peated 
attacks. 

i 

t 

E 
i» 

!5 

Lump    in   abdomen, 
lirst  noticed  3  months 
previously.     Slight  ab- 
dominal    pain.      Fre- 
(|uent  epistaxis.    Very 
septic  teeth. 

.\    week    previously 
sudden   attack  of  ab- 
dominal     pain      and 
vtymited     a     pint     of 
blood.     Frequent     at- 
tacks (if  epistaxis. 

22.9.13             Full-time    baby.    A 
week  previous  to  ad- 
mission   became    very 
pale.     Diarrhoea. 

2.6.13               Anaemia.  Tonsillitis. 
Increasing  size  of  ab- 
domen.   Lassitude. 
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OF   THE   NATURE   OF   SUMMER   DIARRHCEA 

By  H.  C.  CAMERON,  M.D.,  Physician  for  Diseases  of  Children,  Guy's  Hospital. 

We  arc  still  far  from  understanding  tlic  causes  which  lead 
to  the  great  increase  of  infant  mortality  and  morbidity  which 
occurs  in  the  late  sunmier.  The  total  of  deaths  rises  every 
year  in  August  and  September  to  a  height  which  is  roughly 
proportional  to  the  severity  and  duration  of  the  summer  heat, 
and  which  corresponds  amazingly  closely  to  the  curve  of  the 
records  of  the  4  ft.  earth  thermometer.  Great  heat  in  the  early 
summer,  on  the  other  hand,  causes  no  considerable  rise  in  the 
mortality.  Further,  investigation  shows  that  the  deaths 
occur  for  the  most  part  among  artificially  fed  children,  living 
under  poor  hygienic  circumstances,  and  that  the  toll  is  greatest 
among  the  children  inhabiting  the  ill-ventilated  and  crowded 
houses  of  the  poorer  parts  of  cities.  A  clinical  study  of  the 
affected  infants  shows  that  the  most  usual  symptoms  in  fatal 
cases  are  pyrexia,  vomiting,  diarrhoea,  and  a  rapid  dehydration 
of  the  body. 

In  the  past  it  has  been  the  usual  belief  that  we  have  to  deal 
with  an  epidemic  of  infective  enteritis,  due  to  an  organism,  not 
identified,  but  which  is  thought  to  be  conveyed  in  the  milk. 
Further,  it  is  stated  that  the  disease  may  be  communicated 
directly  from  child  to  child  and  that  the  house-fly  plays  a 
conspicuous  part  in  the  dissemination  of  the  causative  organism. 
The  effect  of  heat  is  regarded  as  acting  not  directly  upon  the 
child,  but  indirectly  by  encouraging  bacterial  decomposition 
of  the  milk.  The  poor  buy  a  cheap  milk,  and  because  it  is  cheap 
it  is  obtained  without  care  and  is  dirty.  Even  if  a  clean  milk 
were  available,  in  crowded  and  insanitary  homes  contamination 
is  unavoidable. 

The  assumption  that  we  have  to  deal  with  the  ravages  of  a 
specific  infection  remains,  however,  without  proof.  The  weight 
of  evidence,  indeed,  appears  to  me  to  favour  the  contrary  view, 
which  has  of  recent  years  received  increasing  support,^  that  the 
prejudicial  action  of  heat  is  mainly  physical  and  exercises  its 
harmful  effect  by  reason  of  the  instability  of  the  mechanism 
which  controls  heat  formation  and  heat  loss  in  infancy. 

It  is  ol'  course  admitted  by  all  that  contamination  of  the  milk 
with    streptococci    and    other   pathogenic    organisms    derived 
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directly  from  the  animal  body  is  capable  of  producing  epidemics 
of  diarrhoDa.  In  inniierons  instances  such  outbreaks  lia\'e 
occurred  and  have  been  traced  to  their  source,  perhaps  in  the 
diseased  udder  of  a  single  cow  or  even  in  a  single  diseased  teat. 
No  doubt  too,  deleterious  substances  derived  from  peculiarities 
or  faults  in  the  fodder  supplied  to  the  cow  are  capable  of  causing 
intestinal  disturbance  in  infants  receiving  the  milk.^  The 
possibility  of  an  accident  of  this  sort  undoubtedly  exists.  It 
seems  certain,  however,  that  the  great  rise  in  infant  mortality 
in  the  late  summer  is  not  to  be  explained  by  the  habitual 
and  widespread  presence  of  such  accidental  infection  or  con- 
tamination. 

That  the  mere  multiplication  of  the  usual  milk  saprophytes 
and  the  presence  of  their  products  in  excess  in  a  milk  otherwise 
uncontaminated  can  produce  diarrhoeal  disorders,  we  have  no 
evidence  at  all.  The  great  hopes  aroused  when  Pasteur  first 
showed  the  extent  to  wliich  these  organisms  were  present  in 
ordinary  market  milk,  and  when  Soxhlett  devised  the  simple 
apparatus  for  pasteurising  milk,  have  been  doomed  to  disap- 
pointment. The  dangers  and  difficulties  which  surround  the 
artificial  feeding  of  infants  are  still  with  us.  Buttermilk, 
teeming  as  it  does  with  saprophytic  milk-souring  organisms, 
is  indeed  a  valuable  help  in  infant  feeding,  widely  used  in  many 
countries  with  good  results.  Provided  that  the  souring  does 
not  go  beyond  a  certain  point,  there  are  no  ill  effects  observed.^ 
The  dangerous  degree  of  souring  is  accompanied  by  an  alteration 
of  taste  so  extreme  that  no  infant  will  drink  the  milk.  In  milk 
which  is  very  sour  the  content  of  fatty  acids  never  reaches  the 
height  which  is  normal  in  the  stomach  of  healthy  infants  during 
the  digestion  of  cow's  milk.  In  cases  of  severe  and  fulminating 
summer  diarrhoea  immediate  examination  of  the  milk  taken  does 
not  show  as  a  rule  evidence  of  excessive  souring.  Nor  indeed  is 
the  tendency  to  suffer  from  diarrhoea  and  vomiting  in  hot 
weather  in  any  way  confined  to  infants  in  receipt  of  cow's  milk. 
It  affects  alike  those  who  are  fed  upon  the  breast,  upon  cow's 
milk,  upon  dried  and  condensed  milks,  and  upon  the  usual 
proprietary  foods.  It  is  difficult  to  understand  how  breast 
milk  or  even  how  condensed  or  dried  milk  can  be  so  contaminated. 

A  clinical  study  of  the  cases  of  diarrhoea  in  hot  weather  does 
not,  in  my  opinion,  support  the  view  that  we  have  to  do  with  a 
single  disease  of  the  nature  of  an  infective  enteritis.  Rather  it 
is  clear  that  the  mortality  is  made  up  of  several  types  of  disease, 
each  favoured  or  caused  by  a  persistently  high  temperature. 
And  it  is  most  certainly  only  from  clinical  study  that  conclusions 
of  value  can  be  drawn.     Attention  has  been  directed  too  exclu- 
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sively  to  the  evidence,  valuable  as  it  is,  derived  from  analyses 
of  statistical  returns.  The  infant  has  but  one  function  highly 
developed,  that  of  absorbing  food.  It  follows  that  disorders 
of  the  most  various  nature  alike  manifest  themselves  by  dis- 
turbance of  this  one  hypertrophicd  function  of  digestion. 
However  the  baby  is  ill,  it  is  apt  to  show  it  by  diarrhoea  and 
vomiting.  Deaths  with  diarrhoea  in  the  summer  are,  in  the 
nature  of  things,  apt  to  be  returned  as  due  to  "  Summer  Diar- 
rhoea," or  "  Infective  Enteritis."  When  the  returns  are  analysed 
and  plotted  out  into  a  curve,  there  is  apparent  the  huge  autumnal 
rise,  which  is  regarded  as  evidence  of  the  presence  of  an  epidemic 
of  infective  enteritis.  The  curve  has  been  co-related  with  another 
curve  also  dependent  upon  great  heat  and  moisture,  the  curve 
of  the  number  of  flies.  The  deduction  has  been  made  and 
generally  accepted  that  the  deaths  are  in  the  main  due  to  con- 
tamination of  the  milk  by  the  agency  of  flies.  Preventive 
propaganda  at  least  appears  to  be  based  upon  this  argument. 
The  importance  of  the  need  for  extreme  cleanliness  in  the  milk 
is  insisted  upon.  Attempts  are  to  be  made  to  destroy  the 
unknown  infecting  agent  before  it  reaches  the  child.  Milk  is 
to  be  boiled  and  cooled,  napkins  are  to  be  sterilised,  dust  and 
flies  are  to  be  combated  in  every  possible  way.  No  one  will  dis- 
pute that  advice  inculcating  cleanliness  is  good  advice,  yet  it  is 
possible  that  teaching  insisting  on  the  need  for  adopting 
measures  to  assist  the  young  child  to  combat  the  direct  influence 
of  the  heat  upon  its  own  body  might  be  more  fruitful  of  results. 
If  there  is  good  evidence  that  a  large  part  of  the  total  mortality 
is  due  to  the  inability  of  the  young  infant  to  protect  itself 
against  the  ill  effects  of  high  temperature,  stagnant  atmosphere, 
and  excessive  moisture,  our  propaganda  must  be  modified 
accordingly. 

The  Prejudicial  Effect  of  Long-continued 
Heat  upon  Infants 

The  power  to  maintain  a  normal  body  temperature  is  perhaps 
the  most  sensitive  index  of  thriving  and  of  health  in  infancy. 
The  feeble  child  tends  to  show  a  temperature  curve  with  consider- 
able fluctuations  above  and  below  the  normal.  The  first  indica- 
tion of  improvement  and  increasing  strength  is  shown  by  the 
recovery  of  the  monothermia  of  health  (Chart  A).  An  unstable 
heat  centre  with  a  temperature  curve  showing  considerable  varia- 
tions is  constantly  found  in  the  newly  born.  In  older  infants 
it  is  a  mark  of  weakness.  After  a  fall  in  weight  from  nutritional 
disturbance  of  any  sort,  the  early  inconstancy  of  body  temperature 
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may  again  show  itself.  Exposure  to  cold  and  an  insufficient 
intake  of  food,  especially  of  carbohydrate  food,  causes  the  sub- 
normal registrations  to  predominate.  Exposure  to  great  heat 
and  an  excessive  consumption  of  food,  especially  of  carbohydrate 
food,  on  the  other  hand,  may  cause  pyrexia.  In  time  of  great 
heat  the  infant  may  well  be  more  thirsty  than  usual,  and  since 
food  and  drink  are  bound  up  in  one  and  the  same  fluid,  the  thirst 
is  apt  to  be  assuaged  by  the  consumption  of  greater  amounts 
of  food.  The  total  food  required  by  the  infant,  whose  surface 
area  in  comparison  to  its  mass  is  relatively  enormous,  varies 
within  wide  limits  according  as  the  mean  temperature  is  high  or 
low.  In  time  of  heat  the  need  for  food  and  the  tolerance  for 
food  falls,  while  the  intake,  because  of  thirst,  may  remain  at  a 
high  level.     Dyspepsia  with  diarrhoea  and  vomiting  may  ensue 
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Chart  A. 

To  show  the  prolonged  instability  of  body  temperature  while  the  infant 
failed  to  thrive,  and  the  monothermia  which  appears  when  nutrition  improves. 

upon  an  intake  of  food  which  has  become  excessive  only  because 
the  loss  of  heat  from  the  body  has  been  greatly  diminished. 

Experimental  work  to  determine  the  prejudicial  effect  of 
prolonged  exposure  to  high  temperatiu'cs  has  been  attempted 
mainly  upon  young  animals.^  Diarrhoea  and  vomiting  has  been 
constantly  produced.  Analysis  of  the  gastric  contents  under 
such  conditions  has  shown  a  great  fall  in  the  free  hydrochloric 
acid  and  in  the  total  acidity,  as  well  as  a  decline  in  the  activity 
of  the  pepsin  and  rennin.  It  is  true  that  attempts  to  investi- 
gate the  same  points  in  the  case  of  infants  confined  in  wards 
purposely  superheated  gave  inconclusive  results.-^  The  exposiu'c, 
however,  was  much  too  short  to  allow  any  deductions  to  be 
made.  The  danger,  as  the  observations  l)y  Hallard  u])()n  the  t  ft. 
earth  thermometer  demonstrate,  lies  in  the  exposure  to  great 
heat  over  long  periods.  The  results  of  bacteriological  investiga- 
tions upon  infants  dying  of  diarrhoea  after  subjection  to  great 
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heat  are  highly  suggestive.  Except  in  the  separate  group  of 
bacillary  dysenteries,  which  arc  also  rife  in  hot  weather,  the 
micro-organisms  found  in  cases  of  severe  and  fatal  diarrhoea 
do  not  differ  from  those  found  in  healthy  infants  so  far  as 
examination  of  the  stools  is  concerned.  In  the  upper  intestine, 
on  the  other  hand,  a  region  normally  comparatively  free  from 
bacteria,  an  abundant  growth  of  B.  coli  has  been  cultivated. 
An  organism  incapable  of  doing  harm  in  the  large  intestine  may 
produce  substances  of  a  highly  toxic  nature  in  another  situation. 
It  has  been  shown,  for  example,^  that  bacilli  isolated  from  the 
intestine  can  convert  histidin,  a  normal  product  of  protein 
digestion,  into  /5-iminazohdethylamine,  a  substance  which  has 
been  found  capable  of  causing  diarrhoea  and  vomiting  in  infants 
when  given  by  the  mouth  and  which  is  absorbed  only  from  the 
large  intestine  and  not  from  the  small.  A  similar  overgrowth 
and  spread  of  bacteria  not  in  themselves  abnormal  under  the 
influence  of  heat  may  indeed  be  witnessed  in  another  and  more 
obvious  situation.  The  rise  in  the  incidence  of  diarrhoea  in  hot 
weather  is  paralleled  by  the  great  increase  in  cases  of  septic 
infection  of  the  skin  among  infants,  such  as  pyodermia,  furuncu- 
losis,  etc.  During  the  hot  summer  months  the  number  of  infants 
in  an  out-patient  department  attending  with  skin  sepsis  may 
increase  fivefold. '^ 

Considerations  such  as  these  support  the  view  that  the  great 
summer  mortality  is  not  entirely  or  chiefly  due  to  infective 
enteritis,  the  result  of  contamination  of  the  milk  supply,  but  is 
to  be  attributed  in  great  part  to  the  prejudicial  effect  of  heat  in 
lowering  the  need  for  food  and  the  tolerance  for  food,  in 
dimjnishing  the  force  and  activity  of  the  digestive  secretions,  and 
in  encouraging  the  overgrowth  and  migration  of  bacteria  which 
are  normal  inhabitants  of  the  colon  to  other  parts  of  the  bowel. 
Clinical  observations  point  to  the  same  conclusion. 

Clinical  Considerations 

Among  infants  suffering  from  exposure  to  great  heat  at 
least  four  groups  may  be  distinguished. 

A.  A  group  showing  some  disturbance  of  the  heat  regulating 
mechanism,  together  with  digestive  disturbances  of  greater 
or  less  severity. 

B.  A  group  comprising  cases  of  acute  catarrhal,  follicular,  or 
ulcerative  colitis,  in  which  the  bacillus  of  dysentery  has  been 
found  in  a  varying  proportion. 

C.  A  group  of  cases  of  "  heat  stroke,"  in  which  cerebrospinal 
symptoms  are  tlie  most  prominent. 

D.  A  terminal  state  of  "  intoxication." 
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Groups  A  and  B 

For  the  sake  of  clearness  I  may,  perhaps,  contrast  the 
symptoms  in  the  first  two  groups,  A  and  B. 

Character  of  onset. — In  colitis  or  dysentery  the  onset  is  sudden. 
In  the  midst  of  perfect  health  the  child  changes  colour  and  may 
be  sick.  Older  children  complain  of  feeling  cold  and  may  have 
a  rigor.  Within  a  very  short  time  the  temperature  rises  to  a 
considerable  height  and,  with  much  straining  and  tenesmus, 
diarrhoea,  frequent  and  profuse,  sets  in.  In  the  cases  in  which 
the  heat  mechanism  is  disturbed  the  onset  is  characteristically 
insidious.  The  appetite  fails,  the  child  seems  less  active,  and 
the  tissues  may  feel  less  firm.  If  during  this  prodromal  period 
the  temperature  is  regularly  measured,  the  monothcrmia  of  the 
healthy  infant  will  be  found  to  have  been  replaced  by  a  eur\  e 
showing  some  irregular  rise  of  temperature.  In  many  cases 
there  is  continuous  elevation  of  the  temperature.  Gradually 
digestive  disturbance,  perhaps  of  no  great  severity,  becomes 
prominent. 

Age  of  Incidence. — The  true  heat  disturbance  affects  almost 
entirely  infants  in  the  first  year  of  life.  Only  hypotrophic, 
debile  children  suffer  in  the  second  year.  The  infective  colitis, 
on  the  other  hand,  affects  young  children  of  any  age,  and  very 
usually  children  in  the  second  and  third  year  of  life. 

Social  Conditions. — The  true  heat  disturbance  is  confined  to 
a  very  great  extent  to  the  infants  in  the  airless  rooms  and  scarcely 
less  airless  streets  of  the  poorer  parts  of  cities.  Infants  by  the 
seaside,  where  the  air  even  on  the  hottest  day  is  in  free  moAc- 
mcnt,  are  seldom  attacked.  On  the  other  hand,  infective 
colitis  occurs  among  the  children  of  the  well-to-do  as  well  as 
in  the  slum,  and  outbreaks  at  the  seaside  or  in  surroundings 
which  might  be  supposed  ideal  arc  quite  connnon. 

The  Character  of  the  Gastro-intestinal  Disturbances. — In  acute 
colitis  the  stool  contains  a  great  deal  of  mucus,  and  in  most  cases 
blood.  There  is  much  straining  and  tenesmus.  Prolapse  of 
the  bowel  is  a  not  uncommon  complication.  Vomiting  is  often 
absent  and  seldom  prominent.  The  appetite  may  remain  good 
throughout. 

In  the  true  heat  disturbance,  after  the  prodromal  period, 
appetite  usually  flags.  Vomiting  of  sour  material  may  be 
occasional  or  frequent.  The  stools  may  be  loose  and  watery 
and  of  the  usual  green  tint.  The  diarrhoea  and  vomiting  may  be 
severe  or  very  slight,  but  it  is  noteworthy  that  from  the  severity 
of  these  symptoms  no  estimate  can  be  formed  of  the  degree  of 
danger.     Cases  may  pass  into  the  stage  of  terminal  intoxication 
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without  any  marked 
gastro-intcstinal  disturb- 
ance. In  others  diarrhoea 
and  vomiting  may  be 
profuse.  In  cohtis,  on 
the  other  hand,  in  which 
tlic  disease  is  primarily 
located  in  the  bowel,  it 
may  be  said  that  the 
sevTTity  of  the  diarrhoea 
is  proportional  to  the 
degree  of  disturbance  of 
the  general  health  and 
the  extent  of  the  danger. 

The  Relation  Between 
the  Curve  of  Weight  and 
the  Curve  of  Tempera- 
ture.— In  acute  follicular 
colitis  the  two  curves  in 
general  vary  inversely 
(Chart  B).  The  temper- 
ature rises  abruptly 
and  falls  gradually.  The 
weight  curve  shows  an 
initial  fall,  as  a  rule  most 
steep  in  the  first  forty- 
eight  hours,  and  only 
after  the  temperature  has 
fallen  to  normal  does  the 
weight  curve  flatten  and 
finally  again  begin  to 
rise.  In  feeble  wasted 
infants  pyrexia  may  be 
absent  or  slight. 

In  the  heat  disturb- 
ance, on  the  other  hand, 
the  rise  of  temperature 
and  the  fall  in  weight 
bear  no  constant  relation 
to  each  other.  In  not  a 
few  cases  we  may  find  a 
steady  gain  in  weight 
while  the  temperature 
is  rising  ominously  and 
the     child      is      growing 
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fretful,  pale,  and  anxious  (Chart  C).  A  terminal  fall  in  weight 
of  great  severity  is  almost  constant,  while  at  the  end  the 
temperature  cither  i'alls  to  subnormal  or  shows  a  still  further 
rise.  In  the  early  stages  another  and  very  significant  contrast 
may  be  demonstrated.  Withdrawal  of  all  food  for  twenty-four 
hours  or  longer  will  in  no  way  influence  the  temperature  curve  of 
a  case  of  colitis.  Starvation  in  a  true  heat  disturbance,  on  the 
other  hand,  in  the  absence  of  any  terminal  or  complicating 
infection,  may  promptly  bring  down  the  temperature.  Cases 
of  heat  disturbance  in  which  no  terminal  intoxication  has 
developed  recover  with  remarkable  rapidity  when  cool  weather 
returns.     When  symptoms  of  intoxication,  which  may  be  due 
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Chart  C. 

To  show  continuous  pyrexia  with  initial  increase  of  weight,  and  gradual 
development  of  intolerance  for  food,  during  a  time  of  great  heat,  with  terminal 
dehydration,  intoxication,  and  death.  Until  the  end  of  the  third  week  the  child 
showed  no  alarming  symptoms. 


to  endogenous  infection  of  the  small  intestine,  ha\c  developed, 
disappearance  of  the  heat  wave  or  removal  of  the  child  to  the 
seaside  are  without  effect. 

Course  and  Prognosis. — The  course  of  cases  of  colitis  is 
often  short.  The  fever  and  diarrhcea  commonly  abate  after 
four  or  five  days.  There  is,  however,  a  considerable  tendency 
to  relapse.  In  a  few  eases,  almost  always  in  young  infants,  a 
chronic  and  ultimately  fatal  ulcerative  colitis  is  established. 
The  course  of  the  heat  disturbance  is  more  difficult  to  measure 
because  the  onset  is  so  insidious.  The  pyrexia  is  seldom 
apparent  to  the  mother.  It  is  discovered  only  by  the  thermo- 
meter. In  colitis,  on  the  other  hand,  the  child  is  often  in  a 
burning  heat.  The  outlook  in  colitis  in  older  children  above  one 
year  of  age  is  good.  Epidemics  of  true  bacillary  dysentery 
among   children    in    this    country    appear   to    be    rare,    though 
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doubtless  many  remain  iiniclenti(ied.  In  1918  I  met  Avith  a 
localised  epidemic  in  a  suburb  of  London  in  which  the  Shiga 
bacillus  was  found.  Several  of  the  cases  proved  fatal.  Acute 
colitis  in  older  children  on  the  whole  occasions  little  alarm.  In 
infants  the  rule  is  that  tiie  child  recovers  from  the  colitis,  the 
blood  and  mucus  disappear,  the  temperature  falls,  but  the 
nutritional  disturbance  may  have  been  so  great  that  the  child 
is  Kit  in  a  condition  which  makes  it  peculiarly  prone  to  develop 
the  symptoms  of  a  true  heat  disturbance,  if  it  is  still  consistently 
exposed  to  the  high  temperature.  This  change  of  type  is 
frequently  encountered,  and  aj)pears  to  have  been  peculiarly 
common  in  the  year  1921. 

The  prognosis  of  the  true  heat  disturbance  depends  upon  the 
possibility  of  removing  the  child  from  the  great  heat.  It  is 
important  that  the  intake  of  food  should  be  promptly  curtailed. 
Once  the  body  temperature  has  risen  and  the  child  has  begun 
to  show  intolerance  for  food,  there  is  always  present  an  increas- 
ing risk  of  the  appearance  of  the  terminal  and  fatal  stage  of 
intoxication.  The  development  of  the  fatal  intoxication  may 
be  very  slow,  and  it  is  common  to  be  confronted  with  infants 
dying  in  this  way  for  many  weeks  after  the  disappearance  of 
the  heat  and  the  return  of  cold  weather.  On  October  28  and 
November  2,  1921,  I  was  called  to  two  different  institutions 
with  wards  for  infants  to  advise  upon  certain  cases  which  had 
only  then  begun  to  show  the  symptoms  of  "  intoxication." 
The  last  case  at  Guy's  w^as  brought  to  hospital  with  a  diagnosis  of 
meningitis  upon  November  4. 

Group  C 

In  a  small  number  of  cases  the  effect  of  heat  is  sudden  as  in 
heat  stroke.  To  judge  by  the  literature,  cases  of  this  sort  appear 
to  be  more  common  in  America  and  on  the  Continent,  where  the 
temperature  in  the  shade  reaches  greater  heights  than  with  us. 
The  child  is  l)rought  to  the  hospital  unconscious,  often  with 
convulsions  or  with  muscular  rigidity  and  opisthotonos.  The 
onset  has  been  absolutely  sudden.  The  temperature  from  the 
first  is  very  high,  105°  to  107°  F.  With  cold  sponging  or  with 
rectal  irrigation  with  cold  water  it  may  fall,  but  a  large  number 
of  such  cases  end  fatally  within  a  few  days.  In  this  group  also 
the  diarrhoea  and  vomiting  appear  to  be  only  incidental.  The  most 
striking  symptoms  are  the  high  pyrexia  and  the  evidence  of 
cerebrospinal  irritation.  Two  cases  of  heat  stroke  of  this  nature 
were  admitted  to  the  children's  ward  from  the  surgery  during 
September  1921. 
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Group  D 

As  a  terminal  and  almost  imiCormly  fatal  stage  we  meet  with 
the  condition  known  as  "  intoxication."  The  whole  aspect  ol" 
the  child  is  altered.  The  face  grows  anxious  and  haggard,  with 
expressionless  eyes  fixed  ap})arently  upon  some  point  in  the 
distance.  Only  when  the  child  cries  does  the  vacant  look 
disappear.  The  skin  is  pale  and  grey.  The  subcutaneous 
tissues  have  lost  all  their  firnmcss  and  tension,  and  the  whole 
body  of  the  child  is  dehydrated.  The  eyes  are  sunken  and  the 
fontanclle  depressed.  The  breathing  is  deepened  and  amplified — 
the  so-called  "  air  hunger  "  or  "  hunted  breathing."  The 
movements  of  the  limbs  are  slow  and  feeble.  The  arms  are  apt 
to  be  held  stiffly  flexed,  or  kept  in  constant  slow  movement 
in  front  of  the  chest — the  "  boxer  position."  Glycosuria, 
albuminuria,  acetonuria  are  often  found,  and  serve  to  indicate 
how  complete  is  the  breakdown  of  tlie  metabolic  processes  of 
the  whole  body.  After  death  in  most  cases  the  liver  is  found  to 
be  fatty.  The  bowel  shows  no  evidence  of  enterocolitis.  In 
this  terminal  stage  the  diarrhoea  may  be  even  less  prominent 
than  before. 

This  very  striking  condition  develops  in  the  majority  of  all 
cases  of  heat  disturbance  which  have  a  fatal  ending.  In  its 
absence,  indeed,  recovery  under  suitable  treatment  may  be 
confidently  expected.  When  once  it  has  supervened  we  know 
that  the  end  is  likely  to  be  fatal.  No  treatment  has  proved 
cffecti^■e.  Like  ura?mie  or  diabetic  coma,  it  is  a  terminal  stage, 
in  which  treatment  in  general  comes  too  late. 

We  are  still  ignorant  of  the  explanation  of  these  symptoms. 
According  to  one  widely  accepted  view  the  acid  products  of 
excessive  intestinal  fermentation,  which  have  in  the  first  place 
produced  the  heightened  peristalsis,  ultimately,  under  suitable 
conditions,  so  interfere  with  the  activity  of  the  epithelial  lining 
of  the  intestine  that  absorption  of  toxic  substances  derived  from 
protein  disintegration  is  permitted.  Against  these  the  liver,  for 
a  time  at  least,  acts  as  a  second  line  of  defence.^  Others  regard 
all  the  symptoms  as  dependent  directl}'  upon  the  anhydra;mia 
and  renal  insufficiency.'^  To  me  it  seems  likely  that  the 
symptoms  of  intoxication  accompany  the  endogenous  infection 
of  the  small  intestine  referred  to  above,  an  infection  to  which 
exposure  to  great  heat  predisposes  by  diminishing  the  anti- 
septic force  of  the  digestive  juices  and  by  producing  (l(']iy(h-ati()ii 
of  the  body. 
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PuAcTUAL  Conclusions 

It  is  a  matter  ol'  great  nionient  that  we  should  deterniine 
tlie  relative  importance  oi"  the  two  factors  which  may  be  princi- 
pall\'  concerned  in  the  production  of  sunmier  diarrha^a.  Is 
heat  in  the  main  prejudicial  because  it  encourages  contamination 
of  the  milk  supply  with  j)athogenic  bacteria,  or  is  it  prejudicial 
because  of  its  physical  effect  upon  the  child,  the  infective  element 
being  both  endogenous  and  terminal,  occurring  only  after  the 
resistance  has  been  profoundly  lowered  and  after  great  dehydra- 
tion of  the  body  ?  If  the  disease  is  due  to  contamination  of  the 
milk  supply,  then  we  may  rest  content  to  lay  emphasis  upon  the 
need  for  cleanliness  in  the  handling  of  the  milk,  vipon  the  need 
for  destruction  of  flies  and  the  disinfection  of  the  dejecta  of 
children  already  infected.  If  the  effect  of  heat  is  physical,  the 
stress  must  be  laid  upon  measures  to  assist  the  child  to  withstand 
its  attack. 

We  may  recommend — 

(1)  That  in  hot  weather  food  should  be  reduced  as  a  routine 
measure  by  a  considerable  percentage,  while  the  total  volume 
of  fluid  is  kept  the  same  or  increased.  Especially  the  intake  of 
carbohydrates  should  be  lowered. 

(2)  That  attention  should  be  paid  to  securing  that  the  clothing 
by  day  and  night  should  be  light  and  porous.  A  single  garment 
may  be  sufficient  at  times  during  the  heat  of  the  day. 

(3)  That  tepid  or  cold  sponging  should  be  practised  as  a 
routine. 

,(4)  That  the  hangings  of  cots  and  cradles  should  be  done 
away  with  for  the  time  being,  permitting  the  circulation  of  air 
as  freely  as  possible. 

(5)  That  the  child  should  occupy  a  room  with  a  through 
draught,  in  which  the  air  can  if  possible  be  felt  in  free  movement. 

The  ideal  room  for  a  young  child  is  one  which  has  windows 
opening  upon  opposite  walls  of  the  house,  so  that  a  current  of 
air  proportional  in  strength  to  the  difference  in  temperature 
between  the  wall  in  the  sunshine  and  the  wall  in  the  shade  runs 
through  the  room.  Since  this  is  seldom  available,  a  room  should 
be  chosen  of  which  the  door  opens  into  a  space  ventilated  from 
the  opposite  wall  of  the  house.  From  the  impossibility  of  secur- 
ing this,  many  modern  blocks  of  flats  in  which  the  windows 
all  point  one  way  and  the  doors  open  upon  an  ill-ventilated 
corridor,  are  as  unsuitable  for  young  infants  as  are  the  old  and 
discredited  back-to-back  houses. 

(6)  That  care  should  be  taken  not  to  add  to  the  moisture  in 
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the  air  of  the  room  by  cooking  or  washing  of  clothes,  or  bathing 
in  hot  and  steaming  water. 

(7)  That  the  number  of  persons  in  the  room  sliouki  never  be 
increased  unnecessarily. 

The  infant  enveloped  in  many  layers  of  impervious  flannelette, 
lying  on  a  feather  bed  in  the  most  airless  corner  of  an  airless 
room,  which  is  crowded  with  adults,  and  opens  only  upon  a 
courtyard  in  which  the  temperature  is  90°  in  the  shade,  an  infant 
whose  restlessness  and  crying  and  thirst  are  soothed  by  the  free 
administration  of  an  artificial  diet,  is  under  conditions  peculiarly 
well  fitted  to  produce  the  disturbance  of  body  temperature 
which  leads  to  a  loss  of  tolerance  for  food,  to  bacterial  overgrowth 
within  the  intestine,  to  endogenous  infection  and  idtimately  to 
intoxication.  To  urge  the  mother  of  such  an  infant  to  practise 
rigid  cleanliness  in  the  handling  of  the  milk,  or  to  demand  a  low 
bacterial  count  of  milk  saprophytes  per  cubic  millimetre  in  the 
milk,  are  measures  not  in  themselves  sufTicient. 
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TWO   CASES   OF   ADOLESCENT   KNOl  K-KNEE 

I    A  TYPICAL  RENAL  DWARF 

II.  LATE  RICKETS  WITHOUT  OBVIOUS  CAUSE 

By  HUGH  BARBER,  M.T).,  Physifian  to  the  Dcrbyslviv  Royal  Tiiluniary. 

TiiEKF.  are  certain  clinical  tyj^es  in  medicine  of  which  the 
nomenclature    is    never   very    satisfactory.     Cases    which   may 
be  grouped  under  the  heading  of  "  late  rickets  "  are  an  illus- 
tration ;   for  it  is  a  clinical  picture  which  is  indicated  rather  than 
an  lEtioiogical  or  a  pathological  entity.    Since  1911,  when  Morley 
Fletcher,  Miller,  and  Parsons  called  attention  to  the  association 
of  bone  deformities  of  late  rickets  type  with  interstitial  neph- 
ritis, evidence  has  been  accumulating  steadily  that  this  is  a 
disease    not    very    rare.     Sometimes    called    renal    infantilism, 
more  usuallv  now  renal  dwarfism,  it  is  recognised  at  clinical 
medical  meetings,  if  not  yet  in  text  books.     Renal  dwarfism 
is  the  more  suitable  designation,  as  was  first  pointed  out  in  some 
notes  from  this  hospital,  in  which  an  extreme  degree  of  the 
stunted   development   had   not    prevented    the   occurrence   of 
menstrual  periods. 

Interstitial  nephritis  in  children  has  been  recognised  for  a 
long  time ;  one  has  seen  cases  without  late  rickets  symptoms ; 
but^thc  bone  deformity  picture,  which  develops  usually  towards 
puberty,  and  is  frequently  the  condition  for  which  advice  is 
sought^  has,  I  think,  only  been  described  since  1911,  with  the 
striking  exception,  which  I  have  not  seen  quoted  before,  of  a 
paper  l)y  Clement  Lucas  in  the  Lancet  of  June  1883,  entitled 
"  A  form  of  Late  Rickets  associated  with  Albuminuria."  He 
records  that  he  has  seen  this  association  too  frequently  for  it 
to  be  a  matter  of  chance.  l?ut  he  regards  the  albuminuria  as 
functional,  and  does  not  discuss  the  quantity  of  urine  or  the 
specific  gravity,  which  might  have  indicated  a  more  serious 
kidney  lesion.  Moreover  the  cases  were  not  observed  for  very 
long,  and  he  gives  a  favourable  prognosis,  which  is  in  marked 
contrast  to  the  cases  seen  here,  which  eventually  have  a  fatal 
termination.  But  I  do  not  remember  hearing  any  reference 
to  Mr.  Lucas'  observation,  not  even  from  himself,  during  my 
years  at  Guy's ;  and  I  am  interested  to  think  that  I  am  recalling, 
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in  the  Reports  of  liis  lu)s])ital,  liis  work  on  the  snbjcct  after 
nearly  forty  years. 

Case  I  in  tliis  ])aper  is  the  twelftli  case  of  renal  dwarfism  of 
whieli  I  ha\e  made  notes  since  1911.  Case  II  is  a  late  rickets  case 
without  ol)\  ions  \iseeral  lesion  to  prodnee  the  l)one  deformities; 
and  altiiough  neither  the  mnnbers  nor  the  records  are  snlTieient 
to  justify  any  dogmatic  statement  of  the  relative  I'recpiency 
of  the  interstitial  nephritis  cases,  I  think  it  is  fairly  accnrate 
to  say  that  in  this  hospital,  of  cases  presenting  themselves  as 
adolescent  knock-knee,  abont  two  ont  of  three  will  be  renal 
ones.  The  interstitial  nephritis  is  easily  overlooked,  because 
the  cardio-vascnlar  changes  are  singularly  slight;  and  albu- 
minuria, although  present  constantly  in  most  cases,  is  occa- 
sionally absent  on  one  or  two  isolated  occasions,  and,  more 
diflicult  still,  has  not  been  detected  at  all  in  one  or  two  recorded 
cases  proved  post-mortem. 


Case  I.     A  Typical  Renal  Dwarf 

W.  C,  male,  aged  13|  years,  w-as  brought  to  hospital  in 
June  1921,  on  account  of  recently  developed  genu  valgum. 
lie  had  attended  in  1917  for  a  month  or  two  for  enuresis. 

His  father  and  mother  are  healthy.  There  are  nine  children 
living,  of  which  the  patient  is  the  eighth ;  the  brother,  aged 
eight  years,  shown  in  the  photograph,  is  the  youngest.  All 
the  others  are  quite  healthy,  but  there  were  three  more  who 
died;  one  from  diphtheria,  one  a  few  days  after  birth,  and  one 
after  premature  birth  at  eight  months.  There  have  been  no 
miscarriages.  During  pregnancy  in  this  case  the  mother  was 
quite  well,  but  nnich  distressed  about  her  child  with  diphtheria, 
who  died  at  this  time.  He  was  a  full-term  child,  and  was 
brought  up  on  Xestlc's  milk,  but  suffered  from  sickness.  He 
was  rather  below  the  average  at  birth,  but,  although  small, 
developed  fairly  well  till  six  or  seven  years  of  age ;  after  which 
he  seems  scarcely  to  have  grown.  He  did  not  walk  till  just  over 
two  years  old,  but  his  legs  were  straight.  He  has  had  no  ill- 
nesses. When  about  six  years  old  it  was  noticeable  that  he 
drank  a  lot  of  cold  water,  and  passed  an  unusually  large  quantity 
of  urine.  At  times  he  complained  of  headache.  In  February 
1917,  when  aged  nine  years,  he  attended  the  Derbyshire  Royal 
Infirmary  for  nocturnal  incontinence  :  he  was  much  under- 
sized, but  there  were  no  evidences  of  rickets,  and  the  legs  were 
straight.  He  took  thyroid  for  a  month  or  two,  and  was  then 
lost  sight  of.     The  urine  was  not  examined. 
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In  June  1921  lie  returned  on  aceount  of  knock-knee,  which 
had  developed  comparatively  quickly  about  two  months 
previously.  He  was  now  much  undersized  :  height  3  feet  8| 
inches  (12  inches  below  the  normal);  there  is  no  pubic  or  other 
hair  on  the  body,  but  the  external  genitals  are  fairly  well 
developed  for  his  size.  His  face  is  healthy.  He  has  a  moderate 
degree  of  thirst,  but  is  otherwise  well.  The  epiphyses  are  much 
enlarged ;  the  knees,  ankles,  and  wrists  most  obviously  so,  and 
there  is  "  beading  "  of  the  ribs.  X-ray  photographs  show  very 
irregular  ossification.  The  heart  is  normal,  the  arteries  scarcely, 
if  at  all,  thickened,  the  blood  pressure  100  m.m.  The  urine  has 
specific  gravity  1006  to  1014;  albumen  is  present  (<1  pt.  per 
1000) ;  the  quantity  is  about  3  pints  per  diem.  The  Wasser- 
maim  reaction  is  negative. 

The  thirst,  polyuria,  with  low  specific  gravity,  and  albu- 
minuria, associated  with  the  characters  depicted  in  the  photo- 
graph, are  absolutely  characteristic. 

The  following  are  the  chief  features  which  this  patient  shows 
in  common  with  other  renal  dwarfs  obscr\ed  in  Derby — 

(1)  Absence  of  any  evidence  of  a  cause  of  the  nephritis,  or 
any  evidence  that  the  lesion  commenced  as  a  parenchymatous 
condition. 

(2)  Insidious  onset,  as  indicated  by  the  diagnosis  being  over- 
looked in  1917. 

(3)  The  development  of  genu  valgum  comparatively  sud- 
denly about  puberty  (there  has  been  one  exception,  in  which  it 
developed  earlier). 

(4)  The  slight  constitutional  symptoms,  apart  from  late 
rickets. 

(5)  The  slight  cardio-vascular  changes. 

From  experience  of  the  other  cases,  one  may  conclude — 

(G)  That  the  case  will  probably  teniiinatc  fatalh"  some  time 
in  the  next  five  or  six  years ;   and 

(7)  That  marked  interstitial  nephritis  will  be  found  post- 
mortem. 


Case  II.     Lati:  Rickets  without  Onvious  Cause 

This  case  is  described  by  way  of  contrast,  and  may  be 
regarded  as  one  of  late  rickets. 

M.  P.,  female,  aged  fourteen,  was  brought  to  hospital  on 
account  of  recently  developed  genu  valgum. 
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Her  father  and  niotlier  are  liealthy;  there  arc  seven  other 
liealthy  and  well-developed  children. 

She  was  fed  on  the  breast  for  twelve  months,  as  the  other 
children  were.  Her  teeth  were  cut  at  usual  age,  and  she  walked 
at  eleven  months.  She  was  in  every  way  normal  until  ten 
years  of  age,  when  development  appeared  to  cease.  She  has 
had  no  infectious  disease,  but  is  stated  to  have  had  pleurisy 
when  aged  six  years.  She  appears  quite  well  in  health,  but 
the  legs  became  crooked  when  she  was  about  thirteen. 

Her  height  is  4  feet  6  inches  (3|  inches  below  average) ; 
genu  valgum  is  present,  but  there  is  not  much  evidence  of 
rickets  in  other  epiphyses.  Pubic  hair  is  present  and  develop- 
ment of  breasts  is  commencing,  but  there  has  not  yet  been  any 
menstrual  period.  The  in-ine  is  normal,  with  specific  gravity 
1020,  and  average  amount  per  diem  30  to  40  oz.  The  spleen  is 
hard  and  palpable  1|  inches  below  the  costal  margin;  the  liver 
edge  is  just  palpable  and  feels  normal ;  there  is  no  jaundice. 
The  blood  is  normal;  red  corpuscles  and  haemoglobin  are  not 
diminished.  There  is  no  leucocytosis.  The  Wassermann  re- 
action is  negative.  The  x-rays  show  much  less  than  in  a  renal 
dwarf  case. 

This  case  is  one  out  of  five  or  six  that  have  been  carefully 
investigated  to  exclude  kidney  disease  since  renal  dwarfism 
has  been  generally  recognised  here ;  and  if  these  cases  of  adoles- 
cent knock-knee  are  to  be  regarded  as  late  rickets,  there  would 
seem  to  be  very  little  evidence  that  there  has  been  recrudescence 
of  a  former  infantile  rachitic  condition.  The  bony  changes,  as 
shown  by  the  x-rays,  are  not  so  marked  as  in  the  renal  dwarfs. 

More  complete  investigations  from  the  chemical  pathology 
point  of  view  may  give  more  definite  data  to  explain  the 
aetiology  of  both  renal  and  other  cases. 

These  notes  can  only  claim  to  illustrate  the  condition,  and 
to  demonstrate  that  in  this  hospital  about  one  case  per  year  of 
renal  dwarfism  presents  itself,  most  probably  seeking  advice 
for  genu  valgum.  The  contrast  to  Clement  Lucas'  notes  of 
forty  years  ago  is  that,  if  the  cases  are  followed  up,  they  are 
found  to  end  with  uraemia,  most  usually  between  fourteen  and 
sixteen  years  of  age,  but  with  very  little  clinical  warning. 
Surgical  interference  is  therefore  unwise,  because  it  may  preci- 
pitate, or,  perhaps  more  likely,  seem  to  precipitate  such  a 
termination.  A  support  for  the  legs  has  enabled  several  of 
the  patients  to  get  about  quite  well  for  a  year  or  two. 
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''VIClOrS  CIRCLE"  OU  UKCxURGITANT  VOMIT- 
ING   AFTER   G ASTRO-JEJUNOSTOMY 

By  R.  P.  ROWLANDS,  M.S.,  Surgeon  to  Guy's  Hospital. 

The  results  of  gastro-jejunostomy  in  suitable  cases  of  non- 
malignant  disease  arc,  on  the  whole,  very  good.  Failures  are 
chiefly  due  to  jejunal  ulceration  and  to  vicious  circle.  Much 
has  been  said  of  the  former  ^  and  ciu-iously  little  of  the  latter. 
This  gives  a  false  impression  of  the  relative  frequency  and 
importance  of  these  two  complications,  which  may  also  be 
associated  with  each  other.  Vicious  circle,  always  serious, 
is  often  a  grave  complication,  spoiling  the  result  of  the  operation 
or  even  leading  to  death  if  adequate  measures  for  its  correction 
are  not  taken  in  time. 

The  object  of  this  communication  is  to  discuss  its  causation, 
prevention,  and  treatment.  The  following  remarks  are  based 
chiefly  on  personal  experience  of  a  considerable  number  of 
cases  seen  and  treated  during  the  last  fifteen  years. 

^Etiology 

Regurgitant  vomiting  is  due  to  variable  degrees  of  intestinal 
obstruction  at  or  near  the  anastomosis,  where  the  jejunum 
becomes  kinked,  compressed,  or  rotated.  It  is  usually  the  result 
of  faulty  technique,  due  to  want  of  care  or  lack  of  experience, 
but  in  some  cases  it  is  caused  by  adhesions,  contractions,  or 
displacements  developing  some  time  after  the  operation.  It  is 
often  due  to  the  opening  in  the  stomach  being  made  in  front, 
too  high,  or  too  far  to  the  left,  or  to  the  opening  in  the  jcjummi 
being  too  low,  so  that  a  loop  is  left  between  the  duodeno-jejunal 
flexure  and  the  anastomosis.  This  loop  gets  water-logged 
and  heavy  or  displaced,  causing  kinking  at  the  stoma.  The 
danger  of  a  loop  is  almost  avoided  by  making  the  stoma  close 
to  the  origin  of  the  jejunum,  but  in  some  cases  the  opening  has 
been  placed  too  near  the  duodeno-jejunal  flexure,  so  that  the 
latter,  being  immovable,  has  become  kinked  by  the  drag  of  a 
dilated  stomach  in  the  process  of  contraction.  In  other  cases 
the  segment  of  jejunum  proximal  to  the  anastomosis  has  passed 
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through  the  small  gap  left  between  the  transverse  meso-colon, 
the  root  of  the  mesentery,  the  spine  and  the  anastomosis,  and 
has  thus  become  obstructed. 

Frequently  the  jejunum  at  the  stoma  has  been  drawn  up 
into  or  through  the  meso-colon  by  the  retraction  of  a  dilated 
stomach  rapidly  diminishing  in  size ;  the  opening  in  a  thick 
or  short  meso-colon  has  contracted  round  the  bowel,  bringing  the 
proximal  and  distal  jejunum  parallel,  and  causing  an  acute 
kink  or  spur  between  them. 


Mechanism  of  Vicious  Circle 

The  obstruction  may  affect  one  or  both  limbs  of  the  jejunum, 
but  usually  the  afferent  limb  alone  at  first.  This  limb  gets 
over-distended  with  bile,  pancreatic  juice,  and  food,  and  then 
compresses  the  parallel  efferent  limb,  or  displaces  the  spur 
between  the  two  limbs,  causing  a  more  or  less  complete,  but  high, 
intestinal  obstruction.  This  is  the  essential  mechanism  of 
vicious  circle. 

The  contents  of  the  distended  duodenum  usually  enter  the 
stomach  at  the  stoma  but  sometimes  they  regurgitate  through 
the  pylorus.  Vomiting  ensues  and  brings  temporary  relief. 
In  a  quiet  period  food  may  pass  freely  from  the  stomach  into 
the  distal  limb  of  the  jejunum,  as  shown  by  radiography,  and 
the  diagnosis  may  thus  be  missed. 

The  passing  of  a  considerable  amount  of  bile  and  pancreatic 
juice  into  the  stomach  after  gastro-jejunostomy  is  a  normal 
event,  as  is  proved  by  withdrawing  and  examining  the  gastric 
contents.  The  good  results  of  the  operation  largely  depend 
upon  the  neutralising  action  of  these  alkaline  secretions  within 
the  stomach.  In  normal  individuals  this  does  not  induce 
vomiting,  which  is  only  caused  by  stasis  due  to  obstruction 
at  or  near  the  stoma. 

The  discharge  of  all  the  bile  into  the  stomach  docs  not  neces- 
sarily cause  vomiting,  as  shown  by  the  absence  of  this  symptom 
after  cholecystogastrostomy  for  irremovable  obstruction  of  the 
common  bile  duct.  Steudcl's  -  experiments  completely  prove 
that  the  escape  of  all  the  bile  and  pancreatic  juice  into  the 
stomach  did  not  cause  vomiting  in  dogs,  and  that  the  same  is 
true  in  man  is  shown  by  Moynihan's  case  of  complete  traumatic 
rupture  of  the  duodcno-jejuiud  flexure,  where  the  end  of  the 
duodenum  was  closed  and  the  jejunum  was  joined  to  the  stomach 
and  the  patient  did  not  suffer  from  vomiting. 
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Symptoms  axd  Signs 

There  are  two  chief  cHnical  types,  distinguished  as  acute 
and  chronic  vicious  circle. 

In  the  former,  the  obstruction  being  more  or  less  complete 
from  the  time  of  the  operation,  the  vomiting  comes  on  in  a  few 
davs;  it  is  violent  and  generally  fatal  unless  it  is  promptly 
relieved,  whereas  in  the  latter  type,  the  obstruction  being  incom- 
plete or  intermittent,  the  symptoms  arc  less  severe,  the  vomiting 
occurring  only  about  once  or  twice  every  two  or  three  days  or 
weeks. 

Tiie  vomiting  is  characteristic.  Bilious  lluid  regurgitates 
in  large  quantities  at  various  intervals,  usually  without  much 
effort  or  pain.  The  vomit  has  a  peculiar,  offensive  smell,  but 
is  never  enteric  or  fffical,  although  it  may  be  very  dark  from 
altered  blood.  The  acute  attack  is  sometimes  accompanied 
by  severe  epigastric  pain  with  intolerable  thirst  and  rapid 
wasting. 

Slight  degrees  of  obstruction  do  not  cause  vomiting,  except 
in  nervous  individuals,  but  nausea,  pain,  and  anorexia  are  not 
uncommon  and  arc  usually  temporary,  though  they  may  be 
more  or  less  permanent. 

Diagnosis 

Regurgitant  vomiting  has  to  be  distinguished — 

(1)  from  that  due  to  the  anaesthetic,  which  is  now  rare, 
transient,  and  comparatively  trivial ; 

(2)  from  that  due  to  haemorrhage,  which  ceases  with  the 
bleeding ; 

(3)  from  that  due  to  paralytic  distension  of  the  stomach, 
which  is  promptly  stopped  by  lavage ; 

(4)  from  that  due  to  intestinal  obstruction  lower  down, 
which  can  be  detected  by  the  brown,  enteric  character  of  the 
vomit ;   and 

(5)  from  that  due  to  peritonitis — a  very  rare  complication — 
by  the  absence  of  rigidity  of  the  abdomen. 

An  x-ray  examination  carried  out  during  an  attack  generally 
affords  valuable  information  as  to  the  exact  state  of  affairs 
which  are  giving  rise  to  the  vomiting  (Fig.  1). 

Prophylaxis 

The  prevention  of  regurgitant  vomiting  depends  almost 
entirely  upon  careful  attention  to  every  detail  of  the  operation. 
The  latter  should  not  be  performed  in  the  absence  of  visible 
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and  jialpablc  ulceration  or  stenosis  of  the  stomach  or  duodenum. 
The  stoma  must  be  at  the  lowest  part  of  the  posterior  surface 
of  the  stomach  and  as  close  as  possible  to  the  beginning  of  the 
jejunum,  and  should  be  large  enough,  but  not  too  large.  A 
very  large  opening  tends  to  draw  up  and  kink  the  jejunum. 
The  latter  must  not  be  kinked  or  rotated,  and  too  much  of  its 
wall  should  not  be  engaged  and  drawn  into  the  anastomosis, 
or  a  spur  will  be  liable  to  develop.  For  the  same  reason  the 
opening  in  the  mcso-colon  should  be  closed  by  sutures  engaging 
the  stomach  and  not  the  jejunum  or  anastomotic  line.  This 
is  especially  important  when  the  meso-eolon  is  unusually  thick 


Fig.  1. 

Vicious  circle  and  gastro-jejunal  ulcer  ^\^th  severe  pain,  biliary  vomiting, 
and  ha;matemesis  after  gastro-enterostomy  performed  three  years  before  for 
duodenal  ulcer.  A  shows  rapid  passage  into  jejunum  through  stoma,  and 
dilated  duodenum,  contents  of  which  were  seen  to  pass  violently  backwards 
and  forwards  owing  to  vigorous  peristalsis  of  duodenum  attempting  to  overcome 
obstiuction  at  X.  B,  drawTi  seven  hours  later,  shows  bismuth-containing  chyme 
still  present  in  dilated  duodenum,  from  which  it  passes  back  through  incompetent 
pylorus  P,  owing  to  violence  of  peristalsis.  Findings  confirmed  at  operation, 
at  which  the  operation  shown  in  Fig.  4  was  performed  (A.  F.  Hurst). 

or  short ;  sometimes  it  is  better  to  perform  Finney's  operation 
under  these  circumstances,  or,  failing  this,  anterior  gastro- 
jejunostomy. Gastro-duodenostomy  is  to  be  preferred  for  very 
nervous  patients,  especially  women,  but  unfortunately  it  is 
not  always  practicable  owing  to  dense  and  extensive  adhesions 
antl  ulccrati(jn. 

It  is  significant  that  a  vicious  circle  becomes  less  and  less 
common  in  the  practice  of  surgeons  of  large  experience  in  gastric 
surgery.  Clearly  the  risk  of  the  complication  decreases  with 
the  improvement  of  technique  and  the  formation  of  a  more  ideal 
anastomosis  in  the  anatomical,  physiological,  and  surgical  sense. 
Such  makcsiiifts  as  entero-anastomosis  or  Roux's  "  en-Y  " 
method    are    unnecessary    and     arc    to    be   avoided    whenever 
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possible,  because  they  are  more  liable  to  be  followed  by  jejunal 
uleeration. 

After  the  operation  it  is  important  to  raise  the  shoulders, 
and  to  avoid  overloadino-  the  stomach  by  the  early  administra- 
tion of  too  much  food  and  especially  drink. 
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Treatment 

{(i)  Lavage. — For  acute  regurgitant  vomiting  gastric  lavage, 
repeated  if  necessary  once  or  twice  a  day,  is  often  successful, 
but,  if  the  vomiting  is  severe  and  continues  in  spite  of  this, 
an  early  operation  becomes  necessary  to  save  life.  For  chronic 
or  subacute  cases  lavage  should  be  tried  for  a  longer  period 
and  is  occasionally  successful. 

{h)  Operations. — 1.    Entero-anastomosis     is     the     operation 

generally  advised, 
the  bowel  proximal 
and  distal  to  the 
gastro  -  jejunostomy 
being  joined  togeth- 
er as  far  away  from 
the  latter  as  possible 
(Fig.  2).  After  the 
modern  posterior 
operation  this  is  not 
easy  owing  to  the 
immobility  of  the 
parts  far  back  to  the 
left  of  the  lumbar 
spine.  A  pillow  be- 
ll ind  the  loin  often 
helps.  The  terminal 
part  of  the  duodenum 
may  need  mobilising  by  dividing  the  parietal  peritoneum  to 
tiie  left  of  it. 

In  many  cases  the  operation  is  successful  in  saving  life  or 
alleviating  the  symptoms,  but  it  sometimes  fails  completely 
and  is  often  only  partly  successful,  nausea,  anorexia  and  occa- 
sional vomiting  persisting  or  recurring. 

2.  Entero-anastomosis  zvith  closure  of  the  proximal  limb  of 
the  jejunal  loop  is  practically  always  successful  (Figs.  3  and  4). 
Failure  of  complete  relief  with  the  prospect  of  still  another 
operation,  or  as  an  alternative  clironic  invalidism,  is  especially 
to  be  avoided  in  these  cases,  and  for  this  reason  I  strongly 
advocate  this  operation  in  preference  to  simple  entero-anas- 
tomosis. 


Fig.  2. 

Lateral  entero-anastomosis  for  relief  of  a  vicious 

circle    after    f;astro-enterostomy.     The    openings 

made   at   X    and    Y    aie   joined   together. 
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3.  Abolition  of  the  gastro-jcjunostonii]  with  restoration  oi' the 
natural  anatomy  is  the  obvious  treatment  in  the  few  cases  where 
neither  ulceration  nor  stenosis  is  found  at  the  pylorus  or  in  the 
duodenum, 

I  have  had  considerable  experience  of  this  grave  complication 
with  some  of  my  own  early  cases  and,  in  many  more  instances, 
where  I  have  been  called  to  see  patients  who  were  cither  in 
extremis  from  acute  vicious  vomiting  about  a  week  after  the 
operation,  or  emaciated  and  miserable  invalids  after  a  long 
period  of  clironic  reflux  vomiting.     Sometimes,  after  performing 
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Fig.  3. 

Lif^ation  of  ])ioxiinal  jejunum  with  lateral 

?ntero-anastomosis  for  relief  of  a  vicious 

circle  after  gastro-enterostomy. 
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Fig.  4. 

End  to  side  anastomosis  for  relief  of  a  vicious 
circle   after  gastro-enterostomy,  the  proxi- 
mal jejunum  having  been  divided  and  its 
gastric  end  closed. 


entcro-anastomosis  in  vain,  I  have  had  to  re-operate  to  close 
the  jcjimiun  on  the  proximal  side  of  the  gastro-jcjunostomy. 
Few  operations  can  be  more  trying  than  these,  the  exact  nature 
of  the  former  operation  being  sometimes  unknown,  and  adhesions, 
displacements,  and  distension  of  the  proximal  jejunum  adding 
to  the  diflieulties. 


Details  of  tur  Opekatiox 

In  acute  cases  it  is  wise  to  wash  out  the  stomach  before 
commencing,  and  generally  to  make  a  fresh  incision  to  tlu-  Icl't 
of  the  middle  line  and  lower  than  tlie  usual  gastric  incision  in 
order  to  give  a  more  direct  and  uncomplicated  access  to  the 
anastomosis.  A  rubber  pillow^  behind  tiie  upi)er  })art  of  the 
loin  will  here  again  be  found  of  assistance. 

Tile  transverse  colon  and  the  great  onu'nluin  are  freed  from 
adhesions  and  held  up  by  an  assistant,  and  the  anastomosis 
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found  and  Irccd  from  adhesions.  This  is  a  step  Avhich  is  often 
difficult  owing  to  distension  of  the  jejunum  and  inflanunation 
and  oedema  of  its  Avails  and  the  ascent  of  the  stoma  into  or 
tlirough  the  mcso-colon.  The  proximal  part  of  the  jejunum 
must  be  clearly  defined,  and  to  do  this  it  may  be  necessary  to 
mobilise  the  fourth  part  of  the  duodenum  by  dividing  the  peri- 
toneum near  its  left  border.  The  proximal  part  of  the  bowel 
ascending  to  the  stomach  is  cither  divided  or  else  crushed  and 
ligatured  an  inch  below  the  anastomosis.  The  latter  method 
is  by  far  the  easier  and  quicker,  but  it  is  not  quite  so  satisfactory 
as  division  with  closure  of  the  gastric  end  and  implantation  of 
the  rather  short  duodenal  end  into  the  side  of  the  distal  jejunum. 
If  ligation  be  chosen,  the  ligature  must  be  buried  by  a  circular 
sero-muscular  suture  and  a  lateral  anastomosis  performed  below 
the  ligature. 

Division  of  the  proximal  jejunum  is  especially  valuable  when 
the  latter  is  short  or  stretched,  thus  acting  as  a  tractor  on  the 
gastro-jejunostomy  or  duodeno-jejunal  flexure  and  kinking 
one  or  both.  It  also  helps  to  mobilise  the  parts  to  be  engaged  in 
the  new  anastomosis,  which  is  thus  made  easier.  It  is  rarely 
possible  to  deliver  the  parts  concerned  in  the  anastomosis; 
they  must,  therefore,  be  carefully  emptied,  clamped,  and  packed 
off  to  prevent  contamination. 

After  this  operation  the  risk  of  gastro-jejunal  ulceration 
would  seem  considerable,  but  I  have  no  knowledge  of  its  occur- 
rence in  any  of  my  cases,  some  of  which  date  back  fifteen  years. 
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THE  HETEROMORPHOSES  IX  THE 
HUMAN  BODY 

By  G.  W.  XICHOLSOX,  M.D..  Lecturer  in  Morbid  Histology,  Ciuy's  Hosp:tal. 

Ox  account  of  the  difTiciilty  of  thorouglily  examining  living 
tissues,  normal  development  and  growth  have  been  studied 
chiefly  by  means  of  fixed  material.  One  stage  only  is  preserved, 
and  conclusions  as  to  the  course  development  has  taken  and 
the  causes  by  which  it  has  been  influenced  can  only  be  drawn 
from  a  comparison  of  many  different  stages.  It  has  thus  come 
about  that  an  elaborate  experimental  technique  has  been 
evolved.  The  normal  course  of  development  is  interfered  with 
by  the  infliction  of  a  given  injury.  The  study  and  interpreta- 
tion of  the  results  form  the  basis  of  the  greater  part  of  our 
knowledge  of  the  mechanism  of  growth  and  development. 

Nature  constantly  performs  experiments  of  the  same  kind, 
but  on  a  very  much  more  varied  and  extensive  scale.  Many 
of  these  are  drastic  indeed.  One  extreme  is  represented  by 
double  monsters,  in  some  of  which  all  the  tissues  of  the  body 
are  implicated.  The  other  comprises  the  small  tissue  mal- 
formations, in  the  slightest  of  which  one  kind  of  tissue  is  alone 
affected. 

Some  of  these  tissue  malformations  are  so  slight  that  they 
do  not  even  deserve  the  name  of  malformation.  For  they 
consist  of  perfectly  normal  cells,  joined  to  their  surroundings 
in  an  orderly  manner.  These  anomalies  of  position,  which 
arc  usually  spoken  of  as  "  hcteroplasias  "  by  pathologists,  and 
as  "  heteromorphoses  "  by  biologists,  arc  perhaps  the  most 
interesting  of  them  all,  since  they  are  simple  enough  to  convey 
hints  of  the  causes  that  have  produced  them. 

Monsters  and  their  near  relations,  the  complex  teratomata, 
seem  to  suggest  that  the  ]>ody  is  a  mosaic  and  that,  even  in 
the  most  adverse  conditions,  a  cell  ultimately  surmounts  all 
obstacles  and  differentiates  into  its  predestined  shape,  unless 
indeed  it  perish  in  the  attempt.  The  simple  hcteroplasias  and 
allied  conditions,  on  the  other  hand,  indicate  most  clearly  that 
a  certain  amount  of  latitude  is  allowed  to  the  forms  that  cells 
can  assume.     Because  of  the  evidence  they  afford  of  a  "  regula- 
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tion  "  of  growth  they  arc  of  great  vahic,  since  they  corroborate 
the  results  of  experiment. 

This  contradiction  of  cacli  other  by  the  extremes  of  the 
series  is,  I  feel  sure,  only  an  apparent  one.  The  causes  that 
have  produced  a  monster  must  have  acted  at  so  early  a  stage 
of  embryonic  life  that  we  can  form  no  idea  of  the  conditions 
then  obtaining;  the  interpretation  of  their  results  is  therefore 
well-nigh  impossible.  On  the  other  hand  the  slightest  of  the 
tissue  malformations  have  taken  place  but  yesterday;  in  the 
later  stages  of  embryonic  life  or  even  in  the  adult  body.  Hence 
reliable  deductions  can  sometimes  be  drawn  from  them. 

I  have  therefore  collected  instances  I  have  observed  of  the 
slightest  of  the  tissue  malformations,  together  with  the  most 
important  references  to  them  from  the  literature. 

I.  Ax  Epithelial  Heteromorpiiosis  in  Process  of 
Formation 

The  heteromorphoses,  when  we  see  them,  are  usually  Nature's 
finished  experiments.  The  tumour  that  forms  the  first  part 
of  this  paper  is  an  unusual  instance  of  an  unfinished  experi- 
ment. It  is  an  "  embryonic  tumour  "  of  the  kidney  of  an 
infant,  a  class  of  neoplasm  whose  distinguishing  feature  is  the 
close  and  unmistakable,  although  distorted,  manner  in  which 
it  recapitulates  the  normal  development  of  that  organ. 

These  tumours  are  made  up  of  a  blastema  of  round  cells, 
which  gives  rise  to  their  other  components.  It  differentiates 
in  two  opposite  directions,  forming  on  the  one  hand  the  con- 
nective tissue  and  on  the  other  the  epithelium  of  the  tumour. 
Tubules  originate  as  rosettes  of  round  cells  surrounding  small 
areas  of  granular  ground  substance.  Lumina  appear  in  these, 
and  the  cells  enlarge,  acquire  definite  bodies  and  outlines,  and 
become  epithelial  in  type.  The  resulting  tubules  often  undergo 
a  considera])le  degree  of  differentiation  into  structures  closely 
resembling,  and  comparable  with,  the  secreting  tubules  of  the 
kidney.* 

The  specimen  under  consideration  differs  from  the  majority 
of  the  embryonic  renal  tumours  in  the  presence  of  glomerular 
formations,  which  display  the  phenomenon  I  wish  to  draw 
attention  to.  Since  they  never  contain  capillaries,  but  are 
otherwise  comparable  with  stages  of  development  of  glomeruli, 
I  shall  refer  to  them  as  pro-glomeruli. 

*  For  accounts  of  these  tumours  see  Hedrcn,  Ziegler's  Beitraege,  1907,  xl. 
1 ;  also  Trappe,  Frankfurter  Zeitsrhrift  f.  Falhologie,  1907,  i.  1.30.  The  latter 
emphasises  their  close  relationship  to  malformations  and  shows  that  they  are 
malignant  embryonic  kidney  "  anlagen,"  whose  only  real  difference  from  the 
kidneys  of  the  embryo  is  that  they  do  not  differentiate  fully. 
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Description  of  Specimen  (Figs.  1-G). — The  blood-vessels  are 
thin-walled  and  distended  with  blood.  There  are  no  true 
capillaries  in  the  tumour,  their  place  being  taken  by  small 
cracks  and  spaces  between  the  connective  tissue  fibrillae.  They 
are  quite  indistinguishable  from  ordinary  tissue  spaces  except 
for  the  presence  of  an  occasional  red  blood  corpuscle,  which 
adapts  its  outlines  to  those  of  the  space  it  occupies.  These 
corpuscles  are  easily  visible  in  sections  stained  with  eosin 
{vide  Fig.  3,  in  which  two  are  depicted  in  a  triangular  space 
near  the  top  of  the  drawing,  and  a  single  elongated  one  in  the 
crack  to  the  right  of  the  tubule  near  its  lower  end). 

The  pro-glomeruli  are  formed  in  the  following  manner  : 
Tubules  are  met  with,  the  epithelium  of  one  part  of  which 
consists  of  a  single  layer  of  fusiform  or  flat  cells,  which  merge 


I  _l 


Fig.  1. 

Embn  onic  tumour  of  kidney. 
Solid  epithelial  pro-glonierulus, 
surrounded  by  flat  cells  of  Bow- 
man's capsule. 


Fig.  2. 

Aggregation  of  epithelium  of  pro- 
glomerulus  to  form  solid  masses,  in 
the  lower  of  which  a  lumen  has 
appeared. 


rather  suddenly  with  the  columnar  epithelium  lining  the  rest 
of  their  circumference.  The  latter  becomes  folded  or  invagi- 
nated  into  the  lumen  and  twisted  upon  itself,  to  form  solid 
epithelial  structures  (Fig.  1),  which  dil'fer  froni  developing 
glomeruli  in  the  absence  of  capillary  l)lood-vessels.  The  part 
of  the  circumference  of  the  original  tubule  that  is  lined  by 
flat  epithelium  forms  a  structure  analogous  to  Bowman's 
capsule. 

Tlie  pro-glomerulus  increases  in  size.  The  oval  and  round 
nuclei  at  its  periphery  show  little  tendency  to  become  flattened 
(Fig.  4);  usually  they  retain  their  original  shapes.  Those  in 
its  body  group  themselves  into  more  or  less  isolated  clumps, 
near  whose  centres  they  tend  to  become  pyknotic  and  to  dis- 
appear (Fig.  2,  upper  half).  Lumina  appear  in  the  centres  of 
the  clumps  (Fig.  2,  lower  half),  the  cells  surrounding  them 
become  colunmar  and  stratified  (Figs.  3-5),  mitoses  are  found 

G 
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4-1  .  i,„>w>n  ^Vio-   5^   Nvhich  becomes  sharply  defined, 
in  them  lu-ar  the  hinien  (1^  ig.  ^)'^^;^';  ,p,        ^.  sccondarv 

Tlie  tubuk^s  grow  and  become  twisted,      i  u>    loiiu 

are  ever   formed   a  second  time.      ^^''J^^^^^^^J^^^  found  in 

eomi)aratively  undiffer- 
entiated parts  of  the 
])arenchyina  of  the 
tumour,  one  of  which  is 
represented  in  the  upper 
left-hand  corner  of  Fig.  6. 
I  have  seen  no  appear- 
ances suggestive  of  this 
possibihty. 


Fig.  3. 
Growth  of   pro-glomerulus,  and   formation 
of  tubules  within  it.     The  lower  one  of  these 
probably  formed  by   invagination   of  surface 
epithelium. 


Normal      differentia- 
tion of  these   pro-glom- 
eruli  invariably  stops  at 
the    stage  illustrated  in 
Fig.   1.     Except  for  the 
complete       absence      of 
capillaries,    the  pro- 
glomerulus     closely     re- 
sembles a  glomerulus  of 
the  developing  kidney. 

Differentiation  at  this 
point     always     becomes 
abnormal.      With     very 
w    exccDtions    (Fig.   4)    the    nuclei    of    the    pro-glomerulus, 
™teaT:rZlg'a  L  shape,  a.e   «  -^en^I  ;;^ 
spherical  masses,   at    the  ecntres   ol   whieh    they    degenerate 
and  disappear.     Rosettes,  typi<-al  o(  the   first  stage  of  tubule 
formal  on  in  embryonie  tun.onrs  of  the  kidney,  are  thus  pro- 
due  d    (Figs.   2-5)      The   nuelei    at    their  periphery   elongate 
anltake   up   a   rldia,   position.      (•yt<,plasn,   aeeumuMes   on 
tlKir   eentral    aspeet   and   eylindrieal    eells    result.      A   lumen 
p,  ears  at  the  e^ntre  of  the  rosette,  and  a  tubule  is  formed  in 
xa  tly  the  same  nunnuT  as  are  those  that  anse  d.reetly    rom 
he  blastema  of  the  tun.onr.     Proliferation  of  the  nuelei  of  the 
'-glomerulus    eonstantly    takes    plaee.     It    appears    to    be 
'amitotie,   sinee   karyokineses  are   absent  at  th.s   stage^    New 
rosettes  are  formed  and  these  again  acquire  lumina  (iig.  -V- 


HETEROMORPHOSES  IX  THE  HUMAN  BODY     79 

J'^  -ther  words,   the  cpitheliuni  of  a  pro-glomerulus,   such 

in  t  vo,  f  !'"r  "  ?;  ''  "rl"'"  *'"  potentiality  to  differentiate 
m  t.  l.reetions  One  of  these  is  the  normal  one,  eharaeterised 
by  flattening-  oi  its  eells ;  it  is  followed  only  in  a  few  exceptional 
instants  (P  ig.  4).  In  the  vast  majority  of  cases  differe.^iatlJm 
proceeds  in  a  direction  eontrarx-  to  the  natural  one;  all  the 
characters  of  tubular  epithelium  are  assumed 

The  question  arises.  Why  should  this  marked  deviation  from 


,^i»,;t-  cjsa 


'o    «fliSi 


Fig.  4. 
Increase  in  size  of  tubules  of  pro-glonierulus. 

normal  development  occur,  and  why  does  it  alwavs  take  place 
a     the   san.e   moment,   just   when   the  epitheliun;  of  the   pro- 
fflomendus  ought  to  assume  its  permanent  flattened  form  "^ 
liicrc  are  two  possible  answers  to  this  question.     Either 

■Itur.^  V"''  'r,"'   '"^   '^""""'  differentiate   further  in   a 

utu  al  manner.  Ihe  cause  here  lies  in  the  cells  themselves 
Or,  they  arc  normal  and  able  to  do  so,  but  do  not  succeed  from 
causes  external  to  themselves. 

I  can  see  no  reason,  on  purely  theoretical  grounds,  to  assume 
ci  ^lUum  pnnuv  formatwnis  until  all  other  explanations  of  an 
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anomaly  have  tailed.  Sueh  an  assumption  is,  al'ter  all,  merely  a 
wav  of'elosing  the  diseussion.  Again,  tumours  obey  the  laws 
thit  regulate  the  growth  and  development  of  the  other  tissues 
oitW  bodv  in  a  most  surprisingly  accurate  manner,  as  I  have 
attempted  ^  to  show  elsewhere*  A  phenomenon,  merely 
because  it  occurs  in  a  tumour,  is  never  to  be  regarded  as  a 
thincT  without  a  i)arallel  in  normal  development. 

The  earlier  stages  of  the  development  of  the  pro-glomcruli 
have  been  quite  orderly,  and  Fig.  4  shows  that  the  epithehum 
on  their  surface  does  sometimes  assmne  a  flat  shape.     It  must 


to .: 


Fig.  5. 
S;condary  attachments  of  tubules  to  Bowman's  capsule.     A  mitosis  in  the 
^  -^  largest  tubule  near  its  lumen. 

therefore  be  admitted  that  its  eells  possess  the  P»t™f  ^"'^  '; 
differentiate  fully.  I  therefore  see  no  reason  wh.ch  renders 
the  Assumption  indispensable  that  the  eells  are  not  mherently 
normal. 

Tl,.,t  the  nermancnt  flattened  form  of  the  glomerular  epi- 
thel^m    's   the   expression   of  its   complete   differentiat.on   .s 
mlniib;:.     At  bi^h    and  for  a  considerable  ta^ea^f -wards, 
many  glomeruli  are   Imed   by  cuhieal  ceO  s.     "<=rxl  emicr 
Ts  published    son,e  suggestive  "'f^v^tions  on     he   kidneys 

""  ht:^  ^z^^Jt::L  aSe  t^vr^^fe  'z 

Z^Je  o    a  0  .itTe™  siderable  number  of  snjall.  glomeruh 

w'th  c'lilapsed  and  therefore  ineonspieuous  capdlanes.     They 

•  Oay'a  Hospilat  Bepyrla,  1921,  Ixxi.  222. 
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were  lined  by  cubical  epithelium  with  deepiv  stained  nuclei 
and  conveyed  the  niipression  of  great  ccllularitv.  He  regards 
them  as  arrests  of  development.  Ilis  observations  justifv  the 
conclusion  that  the  definitive  flattening  of  the  glomenilar 
epithehum  is  the  result  of  functional  stimulation.  Its  office  is 
I  take  It  to  allow  the  passage  of  fluid  from  the  capillaries  into 
Bowman  s  capsule.  The  flatter  the  cells  are,  the  less  resistance 
do  thev  offer  to  it.* 


Giwvth   of   tubules   of  pro-glomerulus   to   form    nodule    nearly    1    mm.    in 

imnfnT     fll''    ^^''^    ^^"^     "'^'^    ^'^"^^    ^^    g^^^^'-^'    parenchyma,    but 
remnants  oi  isowman  s  capsule  remain. 

The  deduction  is  therefore  justified  that,  if  the  capillaries 
are  absent,  the  stimulus  which  induces  the  cells  to  assume  the 
flat  form  is  absent  as  well.     They  therefore  do  not,  and  indeed 
cannot,    assume    this    shape.     Since    they    are    unable    to    dif- 
ferentiate in  the  direction  that  depends  on  their  stimulation 
by  the  presence  of  glomerular  capillaries,   they  do  so   in  the 
*  That  flatness  of  an  epithelium  is  a  sign  of  functional  activity,  and  that 
lve?h'       TT-   ^'^'Tn'^'.^  '''^^?  ''*^°''*"  ^^  t«  ''^P^'^k,  is  corroborated  by  the 
t^X  ^■'"  '"''V''"  ''^  t'^^'   !>"gr-  .  ^"  Pathological  conditions,  in  which  the  pleura 
IS  thickened  and  the  superhcial  alveoli  rendered  inactive,  it  is  an  everyday  occur- 
rence to  hn.l  them  lined  by  large  cubical  cells  with  round  nuclei.     I  am  sure  tTat 
ZZlZ^^'fl^rir'^  '''*'.°"1  f  f  'i'''^^  '""S  of  long  standing  for  the  first  time 
ee Is    X.    I     L        ^^^"«^«d  tubules  he  sees,  lined  by  cubical  and  columnar 
Sore  th^n^hi'       ™°'?  Ijke  .secretmg  glands  than  anything  else,  are  nothing 
more  than  the  remnants  of  the  pulmonary  alveoli.         -^         <=         '  o 
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only  other  possible  direction.  They  t'onn  tubules  after  the 
manner  of  all  the  epithelial  cells  of  the  developing  kidney  that 
do  not  eonie  into  this  intimate  eontaet  with  capillaries.  Herein 
thev  follow  the  line  of  least  resistance.  I  would  particularly 
emphasise  the  fact  that  the  line  of  dilTerentiation  assumed  is 
the  only  possible  alternative  one,  since  it  appears  to  me  to  be 
the  keynote  to  the  understanding  of  the  manner  in  which  the 
hetert)morphoses  are  {)roduced. 

As  long  as  cells  are  at  a  stage  of  development  at  which  their 
prospective  potentialities  have  not,  as  yet,  been  completely 
unfolded  this  result  is  bound  to  happen  when  they  are  affected 
l)v  abnormal  stinudi.  For  the  absence  of  a  natural  stinudus  is 
clcarlv  capable  of  producing  an  abnormal  result,  and  is  there- 
fore to  be  regarded  as  a  form  of  abnormal  stimulation.  If  the 
conditions  outside  the  cells  at  a  critical  moment  of  their  develop- 
ment, at  which  they  ought  to  proceed  to  differentiate  in  one 
direction,  are  such  that  they  are  unable  to  do  so,  they  will 
inevitably  do  so  in  the  other  possible  direction  ;  provided,  of 
course,  that  the  conditions  are  not  sufficiently  abnormal  to 
inhibit  further  development.  The  disturbances  that  can  give 
rise  to  big  results  can  be  very  slight  indeed ;  for  the  earlier 
they  act  during  development,  the  greater  are  the  prospective 
potentialities  of  the  cells  at  the  time.  The  greater  and  more 
varied,  therefore,  will  be  the  resultant  malformations. 

It  follows  that  the  heteromorphosis  can  consist  only  of 
tissues  that  are  within  the  prospective  potentialities  of  the  cells 
at  the  moment  of  its  formation.  We  shall  see  the  importance 
of  this  when  we  come  to  examine  some  of  the  finished  hetero- 
plasias  that  are  met  with  in  the  body.  It  follows  too  that 
they  can  no  longer  arise  once  the  cells  of  a  part  have  acquired 
their  permanent  tissue  characters. 

The  abnormal  stimulus,  be  it  a  defective  tissue  correlation, 
as  in  the  present  instance,  or  be  it  some  other  abnormality, 
may  leave  no  other  trace  of  its  action  behind  it.  Nor  is  it  to 
be  expected  that  the  resultant  malformation,  when  finished, 
should  furnish  us  with  evidence  of  the  cause  of  its  origin.  Who, 
on  looking  at  the  big  mass  of  tubules  in  Fig.  G,  would  guess 
that  it  has  arisen  from  the  epithelium  of  a  pro-glomerulus  into 
which  no  capillaries  had  penetrated  ? 

The  present  observation  bears  a  close  resemblance  to  the 
famous  experiments  of  Hcrbst.^^-  ^•'  In  place  of  an  extir- 
pated eye,  he  was  able  to  produce,  in  certain  crabs,  either  the 
same  organ,  or  the  distal  part  of  an  antennula.  The  nature 
of  the  product  of  regeneration  depended  solely  on  whether  he 
removed  or  preserved  the  optic  ganglia,  which  are  not  regener- 
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ated  in  these  animals.  If  they  were  preserved,  visual  impulses 
were  transmitted  by  the  regenerating  nerves,  and  the  cutaneous 
cells  differentiated  into  perfect  eyes.  If  the  ganglia  were 
removed,  these  impulses  could  no  longer  be  transmitted.  The 
regenerating  nerves  took  on  the  only  possible  alternative  func- 
tion and  transmitted  tactile  impulses  to  the  brain.  The  cells 
of  the  epidermis  Avith  which  they  were  connected  produced 
tactile  hairs,  and  an  antennula,  or  organ  which  carries  these 
hairs,  was  regenerated.  These  experiments  demonstrate  the 
relation  of  cause  and  effect  in  as  clear  a  manner  as  our  own 
observation ;  in  the  latter  the  disturbance  is,  however,  much 
finer. 

Herbst's  experiments  bring  out  very  clearly  the  importance 
of  the  interdependence  of  the  tissues  of  the  body,  the  one  to 
the  other,  in  the  final  effect  that  is  produced.  That  the  develop- 
ment of  a  normal  individual  must  depend  on  the  orderly  cor- 
relation of  its  parts  is,  of  course,  an  obvious  fact.  No  two  cells 
of  the  body  can  be  placed  in  an  identical  position  in  regard  to 
their  surroundings.  It  is  these  slight  differences  that  produce 
the  variations  in  the  cells  that  are  known  as  differentiation. 
It  is  inconceivable  that  an  ovum  should  develop  into  an  indi- 
vidual consisting  of  so  many  parts,  were  all  the  cells,  as  they 
divide,  subjected  to  identical  stimulation.  But  it  is  not  often 
that  a  defect  of  the  orderly  correlation  of  parts  can  be  demon- 
strated in  respect  to  cause  and  effect  as  clearly  as  in  the  case 
under  consideration. 

Conclusions. — There  are  two  possible  explanations  of  the 
mechanism  by  which  development  and  differentiation  take 
place  :  preformation  and  epigenesis.  Our  observation  seems 
to  indicate  that  the  course  of  evolution  undergone  by  the  cells 
during  their  development  depends  only  in  part,  and  that  a 
minor  one,  on  their  pedigree.  Quite  as  important,  if  not  more 
so,  are  the  stimuli  that  affect  them.  Position  in  the  body,  in 
relation  to  the  surface  and  to  other  cells,  appears  to  be  the 
chief  of  these.  When  the  stimuli  are  normal,  but  only  so  long 
as  they  are,  the  cells  of  a  given  part  will  inevitably  assume  their 
stereotyped  forms.  If  they  be  abnormal,  or  if  the  normal 
stimuli  be  absent,  an  alonormality  of  structure  will  as  inevitably 
result.  Every  stage  of  development  is  the  result  of,  the 
expression  of,  the  stages  that  have  gone  before.  When  there 
is  an  abnormality,  it  has  a  cause  external  to  itself.  We  need 
not  invoke  the  aid  of  a  vititnn  pr'nniv  formafionls. 

I  cannot  resist,  as  a  pathologist,  drawing  attention  to  the 
possible  bearing  the  specimen  under  discussion  has  on  the 
causes  of  tumour  formation.     The  bulk  of  the  nodule  in  Fig.  6 
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is  about  a  thousand  times  greater  than  that  oftlie  pro-glomeriilus 
ill  Fig.  1,  assuming  them  both  to  bt  roughly  sj^herical  in  shape. 
And  tliis  is  not  the  end,  since  mitoses,  too  small  to  be  indicated 
in  Fig,  6,  are  very  numerous  in  the  epithelium  of  the  tubules. 
In  how  far  may  not  the  unlimited  growth  of  a  malignant  tumour 
depend  therefore  on  some  defective  correlation  of  its  parts, 
because  of  which  differentiation  of  its  cells  cannot  take  place? 
Since  full  differentiation  is  incompatible  with  rapid  proliferation, 
must  not  its  cells  continue  to  divide  for  ever?  It  is  outside 
the  scope  of  this  paper  to  enter  into  these  questions.  The 
inception  of  the  tumour  is  not  explained  by  the  defective 
correlation,  it  merely  suggests  a  possible  cause  for  its  unlimited 
"  malignant  "  growth. 

II.    The  Heteroplasias 

A  brief  review  of  the  principal  heteroplasias  that  are  met 
with  in  the  body  must  now  be  given.  For  reasons  that  will 
become  apjiarent  later  on,  I  include  under  this  heading  only 
those  conditions  in  which  there  are  no  signs  whatever  of 
inflammation,  past  or  present. 

Upper  Cardiac  Glands  of  CEsophagus  (Fig.  7). — The  most 
fully  developed  and  frequent,  as  well  as  the  best  known  of  them 
all  is  found  in  the  upper  part  of  the  asophagus,  at  the  level  of 
the  cricoid  cartilage.  Schaffcr  ^^  was  the  first  to  demonstrate 
that,  in  about  70  per  cent,  of  all  bodies,  patches  of  gastric 
mucous  membrane  are  to  be  found  here.  The  glands  that 
constitute  them  always  correspond  to  those  of  the  cardia. 
These  heteroplasias  are  therefore  commonly  spoken  of  as  the 
"  upper  cardiac  glands  "  of  the  oesophagus,  to  distinguish  them 
from  the  lower  cardiac  glands,  which  are  scattered  in  an  irregu- 
lar manner  in  this  organ,  close  to  its  opening  into  the  stomach. 

These  glands  arc  usually  bilateral,  a  patch  of  them  being 
found  on  either  side  of  the  middle  line.  They  vary  enormously 
in  size.  The  smallest,  according  to  Schaffcr,  consist  of  only 
one  gland,  that  opens  on  to  the  surface  between  two  of  the 
papillas  of  the  oesophageal  mucous  membrane.  The  largest  I 
have  seen  measured  fully  a  centimetre  in  their  longest  diameter. 
Their  surface  is  pink  and  \'elvety,  and  slightly  below  that  of  the 
surrounding  squamous  epithelium.  They  can  easily  be  mistaken 
for  shallow  ulcers.  Under  the  microscope  the  surface  is  seen  to 
consist  of  a  covering  of  tall  colunmar  cells,  distended  with 
mucigen.  It  dips  downwards  to  form  the  ducts  of  glands, 
whose  openings  give  the  surface  its  velvety  appearance.  These 
glands  are  of  the  type  of  the  cardiac  and  of  the  fundal  glands, 
the  latter  of  which  possess  chief  and  oxyntic  cells.*     The  fundal 

*  The  ragged  and  irregular  appearance  of  the  glands  in  Fig.  7  is  due  to  post- 
mortem digestion.  I  was  unable  to  avoid  this  appearance,  as  I  did  not  wish 
to  render  the  drawing  too  diagrammatic. 
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glands  are  absent  in  a  considerable  proportion  of  cases.  I  find 
that  the  periplicr}-  of  tiie  })atches,  where  they  abut  on  the 
squamous  epithelium  of  the  oesophagus,  always  consists  entirely 
of  cardiac  glands.  The  transition  from  oesophageal  to  gastric 
epithelium  is  absolutely  sharp;  islands  of  the  former  may 
occur  on  the  surface  of  every  part  of  the  latter,  the  glands 
usually  extend  for  a  short  distance  beneath  them.  The  hctero- 
plasia  is   always  entirely 


.^ 


^'^^'^ 


V^V 

v^^' 

V,*: 


superficial  to  the  nuiscu- 
laris  mucosae,  which  limits 
it  externally.  It  is  thus 
easily  distinguished  from 
the  mucous  glands  of  the 
oesophagus.  Its  stroma 
is  delicate  and  scanty,  and 
consists  of  a  few  fibro- 
blasts, capillary  blood- 
vessels and  leucocytes. 
Lymphoid  follicles  are 
frequently  met  with,  es- 
pecially near  the  edges. 


This  heteroplasia 
consists  of  groups  of 
cardiac  and  fundal  glands 
of  the  stomach,  with 
chief  and  oxyntic  cells, 
held  together  by  a  scanty 
stroma,  resembling  that 
of  the  gastric  mucous 
membrane.  It  lies  en- 
tirely within  the  mucous 
membrane  of  the  oeso- 
phagus, and  is  bounded 
externally  by  its  muscu- 
laris  mucosa?.  It  is  ever}- 
whcre  sharply  defined 
Ironi    the    epithelium   of 

this    organ.      ^Vhen    sulliciently   extensive,   it    is    covered    by 
epithelium  identical  with  that  lining  the  surface  of  the  cardia. 

The  regularity  and  typical  appearance  of  the  cells,  and  the 
orderly  manner  in  which  they  are  joined  to  the  surrounding 
oesophageal  mucous  membrane,  are  characteristic.  There  arc 
no  signs  whatever  of  malformation.  The  only  abnormality 
that  can  be  perceived  is  one  of  position.  These  heterotopic 
glands  are  nothing  else  than  tiny  areas  of  cardia  let  into  the 
upper  part  of  the  a\sophagus ;    they  are  stomachs  en  miniature. 

Thanks  mainlv  to  Schridde  ^^  we  know  something  of  their 


Fig.  7. 


Upper  cardiac  glands  of  esophagus,  witli 
chief  and  oxjntic  cells.  Bounded  below  by 
nuiscularis  inucosse. 
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inception.  In  liis  monograph  on  the  development  of  the 
mueous  membrane  of  the  human  asopliagiis,  he  shows  that 
the  permanent  squamous  epithehum  does  not  make  its  appear- 
ance imtil  the  seventeenth  week  (lengtli  of  foetus  =■  100- 
105  nun.).  At  this  stage  tlie  basal  layer  of  cells  that  lines  it 
shows  tlie  hrst  signs  of  librilhition.  In  an  embryo  of  105- 
110  nun.  he  found  a  group  of  live  tall  cylindrical  goblet  cells 
among  the  squamous  basal  cells  in  a  recess  at  the  side  of  the 
a^sophagus  at  the  level  of  the  cricoid  cartilage.  They  represent 
the  first  '•  anlage  "  of  the  upper  cardiac  glands. 

As  Schridde's  observations  are  of  importance  for  a  correct 
appreciation  of  the  changes  that  occur  in  the  metaplasias  of 
epithelium,  it  becomes  necessary  to  siunmarise  them.  In  the 
youngest  embryos  examined  the  oesophagus  is  lined  by  a  single 
row  of  clear,  cubical  endodermal  epithelium.  By  about  the 
ilfth  week  (length  13  mm.)  it  has  differentiated  into  two  layers 
of  clear  cylindrical  cells.  During  the  tenth  week  (length 
44  mm.)  ciliated  cells  appear.  Shortly  after  this,  in  the  twelfth 
week  (length  62  nmi.)  the  lining  consists  of  three  or  four  rows 
of  clear,  cubical  cells,  resembling  those  of  a  transitional  epi- 
thelium. During  the  seventeenth  week  the  cells  of  the  basal 
layer  become  fibrillated  in  the  manner  of  squamous  epithelium. 
They  divide  and  give  rise  to  the  permanent  epithelium  of 
the  oesophagus.  He  insists  strongly  that  it  is  only  the  cells 
of  the  basal  layer  that  divide  and  give  rise,  step  by  step,  to  all 
these  different  kinds  of  epithelium.  The  tall  cylindrical  clear 
cells,  the  ciliated  cells  and  the  clear  cubical  cells  are  in  turn 
desquamated  and  lost.  Vestiges  of  the  two  latter  may, 
however,  persist  until  birth. 

We  can  tlierefore  locate  the  time  of  formation  of  these 
upper  cardiac  glands  with  accuracy.  It  corresponds  to  that 
of  the  first  formation  of  the  permanent  epithelium  of  the 
oesophagus.  It  appears  tliat  the  cells  of  this  organ,  at  this 
stage  of  their  development,  possess  the  prospective  potentialities 
of  giving  rise  to  squamous  and  to  cylindrical  epithelium. 

That  the  whole  of  the  oesophageal  epithelium,  at  this  stage 
of  its  development,  contains  the  prospective  potentialities  of 
both  kinds  of  cell,  is  shown  by  the  occurrence  of  the  lower 
cardiac  glands  near  its  opening  into  the  stomach.  This  fact 
is  brought  out  even  better  by  the  occasional  presence  of  cylin- 
drical epithelium  in  other  parts  of  the  organ.  Thus  Schridde 
found  an  isolated  goblet  cell  at  another  level  in  the  embryo  of 
which  an  account  has  been  given,  llibbert  ^'■^  found  columnar 
goblet  cells  at  the  apex  of  a  traction  diverticulum  of  the 
oesophagus  at  tlie  level  of  the  bifurcation  of  the  trachea. 

These  changes  possess  the  one  factor  in  common  that  they 
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are  all  found  within  recesses,  where  the  conditions  do  not  call 
for  the  presence  of  tough  squamous  epithelium.  This  has 
been  sufficiently  emphasised  by  Sehridde.  It  appears  probable 
that  one  of  the  factors  that  determine  the  character  of  the 
oesophageal  epithelium  is  the  pressure  and  friction  that  its 
opposed  surfaces  exert  on  each  other  in  the  foetus.  This  is  the 
stimulus  in  response  to  which  the  epithelium  becomes  squamous. 
In  sheltered  recesses  it  is  absent,  and  differentiation,  therefore, 
takes  the  only  possible  alternative  course.  Mucous  secreting 
columnar  epithelium  results,  which,  at  this  particular  level, 
undergoes  differentiation  into  gastric  glands. 

The  fact  that  glands  of  the  cardia  only  are  found  in  this 
heteroplasia,  and  never  those  of  the  pylorus,  indicates  that  the 
alternative,  or  recessive,  prospective  potentiality  of  the  per- 
manent cells  of  the  oesophagus  in  the  foetus  is  the  dominant 
one  of  those  of  the  part  of  the  intestinal  canal  that  is  situated 
next  to  it. 

Other  Heteroplasias  of  ^iUmcntanj  Tract. — Full  accounts  of 
these  are  to  be  found  in  the  writings  of  Sehridde  ^^  and  of 
Herxheimer.i^  I  have  nothing  to  add  to  them.  Poindecker  ^^ 
describes  a  polypus  of  the  small  intestine  covered  by  gastric 
mucous  membrane.  Islands  of  squamous  epithelium  in  the 
stomach  have  been  recorded  on  several  occasions  (see  Herx- 
heimer).  Foges  i"  has  recently  described  a  case  in  which  the 
mucous  membrane  of  the  rectum,  for  a  distance  of  8  cm.  above 
the  sphincter  ani,  was  lined  by  strips  and  patches  of  sharply 
defined,  strongly  keratiniscd  squamous  epithcliimi  with  papilla? 
and  a  definite  corium.  The  condition  was,  apparently,  con- 
genital. Ilcrxheimer  1*^  (p.  243)  has  observed  islands  of  typical 
squamous  epithelium  in  an  otherwise  healthy  duct  of  the  pan- 
creas. I  cannot  do  more  than  mention  here  that  the  epithelium 
of  the  gastro-intestinal  tract,  to  the  level  of  the  omphalo- 
mesenteric duct  at  any  rate,  a])j)ears  to  possess  the  power  to 
form  pancreatic  tissue  in  the  embryo  (Albreeht  i).* 

Heteroplasia  of  Medulla  of  .Adrenal  (Fig.  8). — The  following 
case  can,  I  believe,  be  best  explained  as  a  heteroplasia.  I  give, 
^\  ith  reserve,  a  brief  abstract  of  the  post-mortem  report,  which 
does  not  appear  to  be  very  accurate.  The  patient,  a  woman  of 
thirty-eight,  had  suffered  for  some  time  from  typical  symptoms 
of  Addison's  disease,  with  marked  pigmentation.  The  only 
abnormality  found  at  the  autojisy  was  a  subacute  atrophy  of 
the  liver  with  marked  evidence  of  regeneration  of  hepatic 
tissue.     The  suprarenals  are  said  to  have  been  normal. 

*  I  have  seen  an  accessory  pancreas  on  tlic  cardiac  portion  of  the  stomach. 
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I  only  possess  microscopic  slides  of  one  of  these.  They 
have  not  been  chroniated,  and  I  cannot,  tlierefore,  make  very 
detinite  statements  abont  the  medulla.  The  cortex  presents 
no  abnormalities,  except  for  the  presence  of  a  few  hyperplastic 
nodules.  AVithin  the  pigment  layer  there  are  some  narrow 
strips  of  cells  which  correspond  in  appearance  to  those  of  the 
medulla.  The  greater  part  of  this  layer  is,  however,  absent, 
its  place  being  occupied  by  mmierous  small  nodules  of  sympa- 
thetic ganglion  cells  embedded  in  nerve  fibres.  Nerve  bundles 
issue  from  these.  I  believe  that,  owing  perhaps  to  an  abnormal 
correlation  of  the  coclomic  and  the  sympathetic  parts  of  the 


Heteroplasia  of   medulla  of  suprarenal,  with  production  of  ganglion   cells. 
Two  nerve  bundles  between  it  and  deep  aspect  of  cortex. 

organ,  differentiation  of  the  cells  of  the  latter  into  chromaffine 
tissue  did  not  take  place.  Their  de\'elopment  proceeded  in  the 
only  other  possible  direction,  and  ganglion  cells  resulted.  The 
date  of  this  heteroplasia  corresponds  to  the  time  at  which  the 
indifferent  primary  sympathetic  cells  become  differentiated  into 
sympathoblasts  and  phseochromoblasts. 

Iletcroplasias  of  Female  Organs  of  Generation. — Islands  of 
squamous  epithelium  haxc  been  I'ound  in  the  uteri  of  children. 
The  largest  of  these  has  been  recorded  by  v.  Friedlander.^^ 
Meyer  ^^  found  cervical  epithelium  in  the  \'agina  of  a  monster 
with  d(juble  uterus  and  vagina.  Sciiridde  ^^  figures  cervical 
glands  on  the  vaginal  surface  of  an  imperforate  hymen. 

This  appears  to  me  to  be  the  best  place  to  mention  my 
own  36   record  of  the  occurrence   of  sebaceous   glands   in   the 
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stump  of  a  cervix  uteri  live  years  after  hysterectoiuw  I 
attributed  their  presence  to  a  prosoplasia  of  the  islands  of 
squamous  epitheHum  found  under  the  cervical  mucous  mem- 
brane by  Meyer. 31  I  drew  attention  to  a  record  of  l^rimings,'' 
who  demonstrated  a  microscopic  slide  of  a  polypus  of  the 
uterus  which  contained  a  hair,  with  cortex  and  nu-dulla,  a 
cuticle,  and  an  inner  and  outer  root  sheath.  Veith^^  has 
described  sebaceous  glands  in  the  anterior  and  posterior  walls 
of  the  vagina,  ll  cm.  above  its  external  orifice,  in  a  virgin  of 
fifty-five.  Whether  prosoplasia  or  heteroplasia  l>c  their  true 
explanation,  the  formation  of  these  epidermal  structures  from 
mesoblast  is  a  very  remarkable  fact.* 

Conclusions. — The  anatomical  features  that  have  been  de- 
scribed warrant  the  following  conclusions  concerning  the  pro- 
spective potentialities  of  the  epithelial  cells  of  the  embryo  at 
the  time  at  which  their  permanent  characters  are  acquired  :  f 

(1)  In  the  parts  of  the  body  examined,  and  probably  in  all 
the  others  as  well,  the  epithelia  possess  the  j)otentiality  to 
undergo  development  in  two  directions.  One  of  these  may  be 
spoken  of  as  dominant  for  the  part,  the  other  as  recessive. 

(2)  The  recessive  character  may  replace  the  other  in  every 
part  of  an  organ  or  segment  of  an  organ,  and  a  heteroplasia 
results.  The  frequency  with  which  it  does  so  varies  witliin 
wide  limits  at  different  levels. 

(3)  Both  characters  at  first  appear  in  their  simplest  form, 
the  alternatives,  in  hollow  viscera,  being  squamous  and  cohunnar 
epithelium. 

(4)  Heteroplasias,  when  they  consist  of  columnar  epithelium, 
may  undergo  a  lowly  form  of  differentiation,  goblet  cells  being 
produced.  On  the  other  hand,  their  differentiation  may  attain 
the  maximum  of  complexity. 

(5)  In  the  latter  case  heteroplasias  show  us  that  the  reces- 
sive character  of  an  organ  or  segment  corresponds  to  th»'  "n.- 
that  is  dominant  in  the  organ  or  segment  next  to  it.t 

(6)  The  epithelium  of  the  small  intestine,  at  least  down  to 
the  level  of  the  omphalo-mesenteric  duct,  possesses  the  poten- 
tiality to  form  pancreatic  tissue.  This  power  is  shared  by  that 
of  the  stomach. 

*  These  observations  are  too  few  to  allow  of  deductions.  My  object  is  simply 
to  record  them,  in  the  hoi)e  of  inducing  others  to  do  the  same. 

t  The  erabryological  evidence,  slight  tliough  it  is.  indicates  that  hetero- 
plasias always  occur  at  this  ])eriod  of  development  and  never  sul)sequently. 

t  E.  g.  upper  cardiac  glands  of  cesophagus.  fundal  glands  in  small  intestine, 
cervical  glands  in  vagina,  ganglion  cells  in  medulla  of  adrenal.  Hfrxlieimer  8  '" 
record  of  squamous  epithelium  in  a  pancreatic  duct  indicates  that  the  upjier 
part  of  the  small  intestine  and  its  glandular  outgro\vths  share  with  the  stomach 
the  power  to  produce  oesophageal  epithelium. 
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On  summarising  tlicse  conclusions  and  on  comparing  them 
with  those  we  have  (h-awn  in  the  first  section  ol'  this  paper, 
it  becomes  obvious  that  they  al'b)rcl  vahuxble  indications  ol"  the 
processes  by  wliieh  deveU)pment  and  dilierentiation  proceed. 
They  sliow  that  the  ability  to  produce  a  certain  tissue  need  not 
be  strictly  limited  to  tlie  one  spot  at  which  it  is  found,  but  is 
often  inherent  in  comparatively  wide  areas  of  the  body.  The 
wide  distribution  of  pancreatic  tissue  alone  is  sufficient  to 
demonstrate  this.  Albrecht  ^  has  pointed  out  that,  in  seeking 
for  the  explanation  of  the  appearance  of  the  earliest  "anlagc" 
of  the  pancreas,  wc  are  forced  to  look  beyond  the  conditions 
that  are  found  in  the  duodenum  alone.  The  ability  to  produce 
this  tissue  is  shared  by  a  large  part  of  the  intestinal  canal. 
Therefore  some  stinmlus  outside  the  epithelial  cells  themselve's 
must  liberate  it.  As  a  rule  this  stimulus  acts  on  one  area 
only.  In  exceptional  circumstances  it,  or  one  very  similar  to 
it,  docs  so  at  another  spot  as  well.  The  cells  react  to  it  in  the 
typical  manner,  and  a  second  independent  pancreas,  one  that 
we  call  an  accessory  organ,  is  here  produced.  In  other  words, 
the  potentialities  inherent  in  the  tissues  require  outside  influences 
to  unfold  them. 

Heteroplasias  are  of  importance  from  another  point  of  view. 
They  teach  us  to  form  a  just  estimate  of  structures  that  are 
often  spoken  of  as  atavistic,  and  as  reversions  to  an  ancestral 
type.  Friends,  to  whom  I  have  shown  the  upper  cardiac 
glands,  have  often  asked  mc  if  I  know  of  a  lower  vertebrate  in 
which  analogous  structures  are  the  rule.  I  do  not  know  of 
one,  and  have  never  taken  the  trouble  to  find  out,  because 
these  and  allied  anomalies  indicate  nothing  more  than  that  the 
explanation  of  their  presence  is  to  be  found  in  the  ontogenetic 
history  of  the  individual  who  carries  them.  We  have  seen 
that  heteroplasias  are  differentiations  in  a  direction  which  is 
usually  recessive.  Other  anomalies  are  hypoplasias  in  the  first 
instance,  followed  by  differentiation  into  simple  structures. 
Branchial  cysts  are  good  illustrations  of  this.  Cases  occur  in 
which  a  part  of  a  branchial  pouch  docs  not  differentiate  into 
thymus,  etc.,  but  remains  at  the  stage  of  development  of  the 
primitive  pharynx.  But  differentiation,  in  these  cases,  is  not 
(]uitc  in  abeyance.  It  proceeds  on  a  lower  plane,  that  of  the 
lining  epithelia.  A  cyst  results,  that  is  lined  by  a  mucous 
membrane  of  squamous  epithelium,  of  ciliated  respiratory 
epithelium,  or  of  both.  Its  presence  does  not  necessarily  imply 
that  its  owner  is  descended  from  fishes,  but  only  that  some- 
thing has  gone  wrong  during  his  development.  It  would  be 
every  bit  as  reasonable  to  infer  that  symelian  monsters  are 
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reversions  to  the  Phocidae.  There  is  yet  anotlier  {rn.nj)  d' 
anomahes  that  must  be  mentioned  here.  It  is  exeniphlied  l)v 
supernumerary  mammae.  They  occur  in  man,  not  heeausc  tht- 
lower  mammals  happen  to  possess  several  pairs  of  breasts,  but 
simply  because  the  embryo  possesses  a  mammary  ridge,  every 
part  of  which  is  liable  to  fail  to  involute  according  to  tli'c 
general  rule.  This  anomaly  is  a  persistence  at  an  cnvVuv  stage 
of  development,  followed  by  orderly  differentiation.  That  the 
embryo  recapitulates  the  history  of  the  race  is  quite  a  different 
story.  Many  short  cuts  arc  taken  in  development,  and  inanv 
stages  of  the  evolutionary  history  are  omitted  entirely.  I  have 
never  met  with  an  anomaly  that  corresponds  to  one  of  these 
obsolete  stages.  I  have  used  the  term  "  anomaly.'  ••  N'aria- 
tion  "  is  perhaps  a  better  one  to  apply. 

In  conclusion,  hetcroplasias  and  the  other  anomahes  touched 
upon  in  the  preceding  paragraph  suggest  that  dcveloi)ment  and 
differentiation  of  a  tissue  at  every  stage  is  a  parting  of  the 
ways.  Two  alternatives  present  themselves.  One  of  them  is 
adopted  and  becomes  dominant,  the  other  recessive.  We  sjiall 
see,  when  we  discuss  metaplasias,  what  evidence  there  is  of  t  he- 
subsequent  fate  of  recessive  characters,  whetiicr  they  are  cast 
off  for  ever,  or  only  suppressed.  Hetcroplasias  give  no  answer 
to  this  question. 

Another  line  of  thought  suggests  itself.  The  prospective 
potentialities  of  the  cells  at  every  stage  of  their  development 
depend  on  their  ontogenetic  history.  If  we  trace  development 
backwards,  we  find  that  as  each  earlier  stage  is  reached,  more 
and  greater  potentialities  are  contained  in  the  cells.  Thus  we 
reach  the  primitive  germinal  layers  and  eventually  the  ovum. 
In  hetcroplasias,  all  of  which  are  produced  in  hitc  stages  of 
development,  tissues  are  never  found  tiiat  are  not  C()ntained 
within  the  prospective  potentialities  of  the  germinal  hiyer  to 
which  the  hetcroplasia  belongs;  nor  nuist  we  expect  to  hnd 
them.  Thus,  gangHon  cells  have  never  been  seen  in  a  hetiro- 
plasia  of  the  alimentary  canal,  as  one  of  its  intrinsic  eon- 
stituents.  In  cases  in  which  they  are  found  in  connection  with 
hypo-  and  nicsoblastic  organs,  thc\'  are  always  a  j)art  n{'  a 
teratoma.*  Whether  these  nudfonnat ions,  lor  teratomata  arc 
malformations  that  jircsent  thcmseUes  to  us  as  tumours,  arc 
susceptible  of  an  explanation  analogous  to  that  of  simple 
hetcroplasias,  is  a  (luestion  that  I  cannot  atteiujjt  to  discuss 
here. 

*  The  suprarenal,  because  of  its  developmental  history,  forms  an  exception. 
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in.  The  Pkosoplasias 

The  dcgTce  of  differentiation  which  an  epithehum  attains, 
varies  aeeordinti-  to  its  situation. 

The  dil'l'erent  forms  of  s(|iiaiuoiis  epithehum  demonstrate 
this. 

The  epidermis  consists  of  a  rete  mueosum  with  prickle  cells 
and  intracellular  librils.  Its  basal  row  of  cells  is  more  or  less 
cylindrical  in  shape.  It  is  succeeded  by  a  stratmn  granulosum, 
whose  cells  are  charged  with  globules  of  keratohyalin.  Next 
in  order  comes  the  stratum  lueidum.  This  is  covered  by  the 
stratum  corncum,  whose  dead  cells  have  been  converted  into 
horny  flakes,  the  most  superficial  of  which  are  constantly 
desquamated.  The  deepest  part  of  the  epidermis  forms  papillae. 
Sweat-glands,  hair-follicles  and  sebaceous  glands  arise  from  it 
during  its  development.  The  degree  of  differentiation  that  the 
epidermis  and  its  appendages  attain  is  a  high  and  complex 
one.     It  varies  widely  in  different  parts  of  the  body. 

The  squamous  epithelium  that  lines  mucous  membranes 
never  attains  the  maximum  degree  of  differentiation  possible. 
In  the  oesophagus,  for  instance,  it  does  not  proceed  beyond  the 
production  of  keratohyalin  on  one  side,  and  of  short  papillae 
on  the  other.  In  the  vagina  keratohyalin  is  not  normally 
produced.  Differentiation  stops  with  the  rete  mueosum,  whose 
superficial  cells  are  swollen  and  surrounded  by  a  membrane, 
their  nuclei  persisting. 

The  bladder,  the  ureter,  and  the  pelvis  of  the  kidney  are 
lined  by  a  "  transitional  "  epithelium,  built  up  of  about  four 
layers  of  cells,  the  two  basal  ones  of  which  are  rounded  or 
cubical,  the  middle  pear-shaped,  and  the  superficial  roughly 
triangular,  since  they  fit  between  the  rounded  ends  of  the 
pear-shaped  cells.  The  structure  is  identical  in  the  endodermal 
and  the  mesodermal  parts  of  these  organs.  Sehridde  ^^  has 
shown  that  this  transitional  epithelium  is  a  true  squamous 
epithelium,  since  its  cells  possess  fibrilke,  which  pass  from  cell 
to  cell  in  the  form  of  prickles.  Differentiation  has,  in  this 
instance,  merely  stopped  at  a  low  level. 

The  degree  of  differentiation  an  epithelium  attains  at  a 
given  spot  is  known  as  its  "  normoplasia."  In  pathological 
conditions,  and  especially  in  chronic  inflammations  and  sup- 
])urations,  it  is  exceeded.  This  differentiation  beyond  the 
degree  that  is  typical  for  the  part  is  spoken  of  as  "  prosoplasia." 

Thus,  in  chronic  inflammations,  the  cells  of  the  mucous 
membranes  of  the  oesophagus  and  vagina  keratinise  freely. 
Carcinomata  of  these  organs  often  contain  much  horn. 

Much  more  remarkable  and  far  more  interesting  are  proso- 
plasias  of  the  urinary  passages.     Fig.  9  represents  a  part  of  the 


HETEROMORPHOSES  IN  THE  HUMAN  B()l)\'      w.i 

pelvis  of  a  tuberculous  kidney.  It  is  co\  crcd  lj>  an  cpitliclium 
consisting  of  a  row  of  more  or  less  elongated  basal  cells,  a 
thick  layer  of  typical  prickle  cells,  a  well-developed  stralinn 
granulosum  with  coarse  granules  of  keratohyalin  and  a  thick 
horny  layer  which  is  desquamating,  the  silperlieial  parts  of 
which  have  not  been  drawn.  Near  the  deep  aspect  of  the  rete 
mucosuni  a  small  intra-e])ithelial  connective  tissue  papilla  can 
be  seen.  I  may  add  that,  when  suitable  stains  are  employed, 
beautiful  fibrils  arc  revealed  within  the  prickle  cells.  'I'Ik' 
transitional  epithelium  has,  in  this  case,  vindicated  its  claim 
to  recognition  as  a  squamous  epithelium. 


*  '  e;^,  «.  «:•  t9*v  *(7-p -.  .l,^."^  ©^ 


Fig.  9. 
Prosoplasia  of  epithelium  of  renal  pelvis. 

Prosoplasias  of  glandular  epithelium  are  not  unknown. 
They  are  frequently  stated  to  be  rare,  but  are  probably  often 
overlooked.  I  have  seen  large  goblet  cells  distended  with  mucin 
in  the  gall-bladder  of  a  case  of  cholecystitis.  Schridde  "  records 
their  presence  in  the  endometrium  in  elnonie  inllanun.iloiy 
conditions. 

Conclusions. — (1)  The  normoplasia  of  an  epitheliuiii,  the 
extent  to  which  its  differentiation  proceeds  at  a  given  spot,  is 
fixed.  In  pathological  conditions  it  can,  however,  be  exceeded. 
It  now  tends  to  approach  the  maximum  of  differentiation 
possible.     Prosoplasia  of  the  epithelium  sets  in. 

(2)  Fig.  9  demonstrates  that  all  the  layers  of  an  epithelium 
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take  part  in  this  progressive  change.     It  begins  in  the  basal 
cells,  and  a  typical  "  epidermal  "  epithelinni  results. 

(3)  The  fundamental  tissue-characters  oi'  the  epithelium 
remain  unchanged.  In  this  respect  prosoplasias  differ  from 
metaplasias. 

(4)  Prosoplastic  changes  can  occur  at  every  period  of  the 
lil'e  of  the  individual.  Herein  they  differ  from  heteroplasias. 
Their  exciting  cause  is  of  tlie  natiu'c  of  a  stimulation  by  chronic 
inflammations  and  suppurations. 

(5)  The  manner  in  which  these  stinuili  act  is  obvious  in 
most  cases.  On  siu'faces  lined  by  squamous  epithelium  a  tough 
layer  of  horn  is  formed,  which  protects  the  delicate  cells  of  the 
mucous  membrane  and  of  the  mesenchyme  from  contact  with 
irritating  secretions,  etc.  The  same  purpose  is  served  in 
colunmar  cpithelia  by  the  production  of  mucin  by  goblet  cells. 

(6)  Since  differentiation  in  excess  of  the  normal  degree  is 
possible,  it  follows  that  the  normoplasia  of  an  epithelium  is 
not  a  fundamental  property  of  its  cells.  It  depends  solely  on 
their  environment,  on  the  nature  of  the  stimuli  to  which  they 
are  exposed. 

IV.  Heterotopic  Differentiation 

Under  this  heading  I  include  several  observations,  which 
probably  differ  widely  in  the  manner  of  their  production.  I 
might,  with  equal  justice,  have  placed  them  with  the  hetero- 
plasias, the  prosoplasias,  and  the  metaplasias.  As  they  appear 
to  form  connecting  links  between  these  conditions,  this  is  the 
most  appropriate  place  in  which  to  discuss  them.  I  have  used 
the  non-committal  term  "  heterotopic  "  in  the  heading  to  this 
paragraph,  since  the  tissues  they  contain  are  certainly  "  out 
of  place." 

Squamous  Ejjithelium  in  Infundibular  Process  of  Pituitary 
(Fig.  10).* — Erdheim  ^  was  the  first  to  point  out  that  islands 
of  squamous  epithelium  arc  frequently  found  in  this  region  in 
elderly  subjects.  Fig.  10  illustrates  the  best  instance  of  their 
presence  that  I  have  seen.  It  was  taken  from  the  pituitary 
of  a  woman  of  sixty-eight,  who  had  died  of  osteitis  deformans. 
The  infundibular  })rocess  contains  more  fibrous  tissue  than 
usual.  Small  epithelial  cells,  grouped  to  form  acini,  are  scat- 
tered about  in  the  stroma.  They  are  slightly  smaller  than,  but 
otherwise  identical  in  structure  with,  the  clear  cells  of  the 
anterior   lobe    of   the   gland.     Some   of  these   acini,    however, 

*  For  the  specimen  from  which  this  drawing  has  been  made  I  am  indebted 
to  Dr.  J.  R.  Perdrau,  of  the  Lambeth  Infirmary. 
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contain  larger  cells,  that  stain  more  intensely.  In  the  snialiest 
acini  in  Avhich  they  are  present,  tiicy  are  mostly  cylindrical 
and  elongated,  and  correspond  to  the  basal  cells  of  stjuamous 
epithelium.  They  increase  in  number  and  differentiate  into 
rounded  and  polygonal  cells,  many  of  which  j)ossess  faint  intra- 
cellular fibrils  and  distinct  prickles.  Cell  nests  arc  formed, 
whose  centres  consist  of  large  swollen  elements,  that  retain 
their  nuclei  and  show  no  evidence  of  kcratinisatioji.  It  is 
obvious,  from  a  study  of  the  sections,  that  all  the  stpiamous 
cell  nests  have  developed  within  acini  that  have  enlarged  with 
their  growth.  A  few  of  the  smaller  acini  contain  one  or  two 
pituitary  cells  among  their  squamous  contents. 

The  anomalous  fact  of  the  presence  of  squamous  epithelium 


^^ 


Fig.  10. 
Heterotopic  squamous  epithelium  in  infundibular  process  of  pituitary. 

within  the  cranial  cavity  becomes  less  so  when  the  development 
of  the  pituitary  is  remembered.  Its  anterior  lt)l)e,  togetlur 
with  the  infimdibular  process,  of  which  it  is  a  part,  is  develoj)e(l 
from  the  ectodermal  epithelium  of  the  buccal  cavity,  which 
grows  upwards  as  the  pituitary  duct,  near  the  apex  of  which 
the  anterior  lobe  of  this  organ  is  differentiated  out  of  its  cells. 

The  islands  of  squamous  epithelium  figured  above  are  thus 
seen  to  correspond  to  that  of  the  buccal  cavity.  The  degree 
of  differentiation  of  the  two  is  identical,  since  keratinisation  is 
absent  in  both.  Their  presence  can  be  acct)unted  for  in  two 
ways.  On  the  one  hand,  certain  cells  remain  in  an  undiffcrcu- 
tiated  condition  for  years,  and  then  undergo  differentiation, 
not  in  the  direction  that  is  the  dominant  one  for  the  part,  i)ut 
in  the  alternative  direction,  the  one  which  the  epithelium  of 
the  buccal  cavity,  the  organ  nearest  in  position  to  it,  undergoes 
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nonnally.  On  this  assimiption  they  ixj)rcsc'nt  a  belated  lietero- 
phisia.  On  the  other  liand,  it  is  possible  that  differentiated 
eells  of  tlie  infnndibuUir  process  have  given  up  their  tissue 
character,  and  assumed  that  of  the  buccal  epithelium.  If  this 
be  the  true  ex}>lanation.  we  ha\e  a  metaplasia  in  tliis  case. 

I  eaiuiot  decide  which  of  these  explanations  is  the  correct 
one.  since  it  is  impossible,  from  the  appearance  of  the  basal 
eells  of  these  islands,  to  tell  their  history.  l?ut  I  nuist  confess 
tiiat  I  am  no  belie\er  in  the  persistence  for  many  years  of 
undifferentiated  cells  in  an  "  embryonic  "  condition,  an  article 
of  faitii  that  forms  the  foundation  of  the  most  generally  accepted 
tiicory  of  tunioiu'  formation.  All  the  evideuce  Ave  possess  indi- 
cates that  cells  that  have  lagged  behind  in  their  development 
either  complete  it  shortly  after  tlie  other  cells  of  the  tissue,  or 
else  are  destroyed  and  disappear. 

Whatever  be  the  exact  manner  of  formation  of  this  hetero- 
topia, it  is  of  interest  in  that  it  shows  that,  even  late  in  life, 
a  recessive  character  can  take  the  place  of  the  dominant  one 
in  an  epithelium.  It  strengthens  the  view  that  the  structure 
of  the  cells  of  an  organ  is  not  so  much  an  inherent  constitu- 
tional necessity,  as  the  result  of  their  position  in  the  body  and 
of  the  action  of  stimuli  outside  them.  The  nature  of  the 
stinuilus  that  is  responsible  for  the  change  observed  in  the 
present  instance  is  quite  obscure.  All  that  can  be  said  about 
it  is  that  it  becomes  more  frequent  with  advancing  age. 
Lubarsch,^^  however,  describes  squamous  cell  nests  and  athero- 
matous cavities  in  the  stalk  of  the  pituitary  of  infants. 

The  following  observations  concern  tissues  the  zenith  of 
whose  development  is  attained  at  some  period  of  embryonic 
life.  The  first  deals  with  an  organ  that  usually  persists  in  a 
rudimentary  condition.  The  others  concern  structures  that 
disappear  completely  during  later  development,  but  occasion- 
ally fail  to  do  so.  They  then  undergo  differentiation  into 
tissues  which  are  normally  found  in  other  parts  of  the  organic 
system  to  which  they  belong.  I  pro})()se  to  do  no  more  than 
draw  attention  to  these  conditions.  Attempts  at  their  ex- 
planation nmst  be  deferred  until  more  instances  will  have  been 
recorded,  since  little  more  than  speculations  as  to  the  manner 
of  their  formation  can  be  indulged  in  at  the  present  time. 

Wolffian  Remains  in  the  Female. — The  parovarium  persists 
as  a  scries  of  tubules  in  the  mcsovarium  and  the  mesosalpinx. 
Its  developmental  significance  and  homologues  in  the  opposite 
sex  have  been  wxjrked  out  by  Ballantync  and  Williams.^  It 
varies  considerably  in  size  and  extent  in  different  individuals. 
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Its  tubules  are  lined  by  a  single  layer  of  cubical  or  colunuiar 
epithelium  and  arc  surrounded  by  irregular  bands  of  libro- 
muscular  tissue,  that  spread  out  to  join  the  surrounding  vessels 
and  strands  of  areolar  tissue. 

It  should  be  noted  that  the  ci)ithcliuui  has  undt  rg(jnc 
differentiation,  and  that  its  cells  present  none  of  the  appear- 
ances of  young  embryonic  cells.  This  observation  appHcs  t(» 
all  the  "  embryonic  rests  "  I  have  examined. 

Beyond  a  tendency  to  slight  dilatation  owing  to  accunnda- 
tion  of  albuminous  hyaline  secretion  these  organs  appear  to 
undergo  no  appreciable  changes  with  advancing  age.  Occasion- 
ally, however,  changes  are  observed  in  them. 

In  a  parovarium,  the  majority  of  whose  tubules  had  been 
converted  into  small  cysts,  I  found  two  flattened  and  shghtly 
compressed  tubules,  both  of  which  are  lined  by  non-keratiniscd 
squamous  epithelium.  This  change  was  first  descril)ed  by 
Meyer, 2^  who  regarded  these  cells  as  derivatives  of  the  epii)last, 
that  had  been  incorporated  with  the  Wolfhan  l)ody  during  the 
early  stages  of  its  development.  Later,  however,  he  ^"  retracted 
this  view,  and  now  considers  them  to  represent  modifications 
of  the  parovarian  epithelium.  With  the  latter  \iew  I  agree. 
Whether  this  epithelium  has  been  produced  by  metaplasia,  as 
Meyer  suggests,  or  by  prosoplasia,  I  cannot  decide.  It  is  clearly 
comparable  with  the  squamous  cell  nests  in  the  iiirun(lil)ular 
process  of  the  pituitary. 

Unobliterated  vestiges  of  Gaertner's  duet  are  lined  by  eul)ical, 
columnar,  or  by  squamous  epithelium. 

Prostatic  Tissue  in  the  Urachus  (Fig.  11.) — At  the  post- 
mortem examination  of  a  man  of  forty-seven,  who  had  died 
of  chronic  heart  disease,  the  unobliterated  lower  end  of  the 
urachus,  immediately  above  the  apex  of  the  bladder,  was  found 
to  be  occupied  by  an  oval  tumour,  5-7  cm.  in  length  by  1-  em. 
antero-posteriorly.  It  is  surrounded  by  a  fibrous  capsule,  is 
firm  in  consistency  and  is  occupied  by  a  number  of  cysts,  that 
vary  much  in  size.  Microscopically  it  consists  of  tidiuUs  and 
spaces,  which  are  dilated  to  form  the  cysts,  and  arc  hncd  l)y  an 
irregular  cubical  or  columnar  epithelium.  The  hnnina  often 
contain  typical  small  corpora  amylacea.  The  stroma  is  com- 
posed of  dense  fibro-muscular  tissue.  It  projects  into  the 
glandular  spaces  as  papilhc  that  are  often  branched.  The 
figure  shows  that,  without  doubt,  the  structure  of  tin-  tissue  is 
identical  with  that  of  the  prostate.  The  epithehum  is  hyjxr- 
plastic,  and  the  resemblance  to  certain  hypertrophies  of  this 
gland  is  very  close  indeed.  The  prostate  itself  is  without 
abnormality. 
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Cilands,  iiK'iitical  with  those  of  the  prostate  are  coninioiily 
found  iiiuler  tlie  niiieoiis  nieinbrane  of  tlie  prostatic  part  of  the 
urethra,  as  well  as  at  the  neck  of  the  bh^dder  iu  both  sexes, 
Jores  ^^  has  shown  that  the  formation  of  the  middle  lobe  in 
enlargements  of  the  ])rostate  dej^ends  on  the  hyperplasia  of 
the  latter  group  of  glands.  I  have  myself  obserxcd  dow'n- 
growths  of  urethral  ejMthelium  and  their  eonversion  ■  into 
prostatic  glands  in  hypertrophies  of  this  organ.  Thorel*^ 
has  described  small  adenomyomatous  proliferations  of  prostatic 
glands  in  the  trigone  of  the  l)ladder,  between  the  orihees  of  the 
ureters,  in  men.  Wittzack  ^-  (ref.  Thorel),  has  seen  a  similar 
structure  at  the  junction  of  the  fmidus  and  the  posterior  wall, 
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Fig.  11. 
Prostatic  tissue  in  unoblitoratcd  uiachus. 

beyond  the  opening  of  the  right  ureter,  and  a  considerable 
distance  from  the  neck  of  the  bladder.     His  case  refers  to  a  male. 

Aschoff  ^  has  studied  the  mucous  membranes  of  the  urinary 
tract,  and  concludes  that  all  the  glands  of  the  urethra  in  either 
sex,  as  Avell  as  those  that  make  their  appearance  in  the  renal 
pelvis,  the  ureter  and  the  bladder  in  inflammatory  conditions, 
are  of  the  nature  of  prostatic  glands. 

The  only  case  that  I  know  of  that  is  comparable  with  the 
one  under  consideration,  has  been  recorded  by  v.  Luschka.^'' 
In  a  man  of  nineteen  he  found  a  sinus  lined  by  squamous  epithe- 
lium on  the  dorsal  aspect  of  the  root  of  the  penis,  into  the 
proximal  end  of  which  there  opened  a  lobulated  gland,  wdiose 
structure  and  secretion  were  identical  wdth  those  of  the  pros- 
tate. He  explains  it  as  the  displaced  anterior  median  lobe  of 
that  organ.     Meyer  •'^^  (p.  G23),  how^cvcr,  points   out   that   the 
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sinus  is  in  all  prol)al)ility  a  remnant  of  the  eloaeai  membrane 
that  has  failed  to  invohite,  and  h;is  undergone  differentiation 
into  glands  whieh  eonlorm  with  tliosc  that  normally  arise  I'njm 
the  eloaeai  epithelium.  v.  Lusehka's  ease  is  thus  strietly 
comparable  with  the  present  one,  sinee  the\'  both  consist  of 
prostatic  tissue  that  has  arisen  in  a  part  of  the  eloaea  that 
normally  disappears  completely. 

On  summarising  these  brief  abstracts  from  the  literature 
and  on  comparing  them  with  the  tissue  found  in  the  uraehus, 
the  following  conclusions  appear  to  be  justilied.  All  the 
normal  glands  of  the  cloaca,  as  well  as  those  that  arc  formed  in 
pathological  conditions,  arc  of  one  type,  namely,  prostatic 
glands.  Should  parts  of  the  cloaca  that  disappear  during  later 
development  fail  to  do  so,  they  are  able  to  undergo  differentia- 
tion into  identical  glands.  This  potentiality  does  not  reside 
exclusively  in  the  endodcrmal  cloaca,  but  is  siiared  by  that  part 
of  the  mesodermal  WolfTian  duet  that  forms  the  trigone  of  the 
bladder  and  gives  off  the  ureter. 

These  facts  point  to  the  interesting  conclusion  that  the 
uraehus  and  the  other  purely  temporary  parts  ol"  the  cloaca 
disappear  from  causes  outside  their  own  cells,  and  not  for 
intrinsic  reasons,  such  as  old  age  of  their  tissues.  Not  only 
arc  these  cells  able  to  persist,  but  at  the  time  wlien  they  usually 
disappear  they  contain  the  same  prospective  potentialities  as 
those  of  the  permanent  parts  of  the  cloaca.  Sinee  the  cloaca 
gives  rise  to  one  kind  of  gland  only,  it  will  not  be  amiss  to 
compare  it  with  another  part  of  the  endoderm  in  which  disap- 
pearance of  one  segment  usually  takes  place  during  development, 
whereas  the  other  undergoes  differentiation  in  several  directions. 

The  Vitelline  Duct. — This  structure  occasionally  fails  to 
become  obliterated  throughout  the  whole  or  a  part  of  its  length. 
If  it  persists  at  the  umbilicus,  it  soon  becomes  more  or  less 
extroverted  and  a  so-called  umbilical  polypus  results.  Its 
unoblitcrated  proximal  end  forms  a  Meckers  diverticulum.  All 
parts  of  the  patent  duet  are  usually  lined  by  a  nuieous  luembrane 
that  is  identical  in  structure  with  that  of  the  ileum.  In  rare 
cases,  however,  glands  typical  of  other  parts  of  the  intestiiud 
canal  are  found  in  its  renmants.  Pyloric  glands  have  hvvn 
recorded  in  an  umbilical  polypus  by  Tillmanns.'»*  Cardiac 
glands  were  found  in  the  umbilical  part  of  a  jiatent  \it(Iline 
duct  by  Salzer,^"  and  at  the  apex  of  a  Meckel's  divirtieuluni 
by  Meulengracht.28  The  latter  specimen  contained  typical 
chief  and   oxyntic   cells.     Hrunner's   glands   are   described    by 

*  I  have  recently  been  given  a  similar  specimen  by  Mr.  A.  Todil,  who  removcil 
it  from  a  vounp;  infant. 


100    HETEROMORPHOSES  IN  THE  HUMAN  BODY 

Kern -^  in  tlio  extroverted  distal  end  of  a  patent  dnct,  and 
by  Tseliiknawerow  ^"  at  the  a})ex  ol'  a  Meckel's  diverticulum. 
^Vright  ■'^  (ref.  Reitniann)  found  a  small  encapsulated  pancreas 
with  typical  islands  of  Langerhans  in  the  subcutaneous  tissue 
of  the  umbilicus  of  a  girl  of  twelve,  and  Albrecht  and  Arzt^ 
saw  an  equally  typical  pancreas  in  the  wall  of  a  true  Meckel's 
diverticulum. 

The  epithelium  of  the  vitelline  duct,  when  it  persists  abnor- 
mally, shares  with  that  of  the  stomach  and  small  intestine 
the  potentiality  to  form  pancreatic  tissue.  Whereas  the 
jn-oxinial  part  of  its  mucous  membrane  always  undergoes 
din'erentiation  in  the  direction  of  that  of  the  ileum,  its  distal 
part  is  able  to  give  rise  to  cardiac,  pyloric  and  duodenal  glands. 
We  have  seen  that  the  hetcroplasias  of  the  intestine  always 
represent  the  tissue  character  of  the  segment  next  to  the  one 
in  which  they  occur.  Contrary  to  what  miglit  have  been 
expected,  the  epithelium  of  the  duct  possesses  wider  prospective 
potentialities  than  that  of  any  part  of  the  permanent  intestine. 
This  apparent  anomaly  is,  however,  explained  by  its  develop- 
mental history. 

The  vitelline  duct  is,  at  first,  a  very  wide  opening,  almost 
as  wide  as  the  wdiole  of  the  primitive  gut.  On  account  mainly 
of  the  growth  of  the  embryo,  it  is  rapidly  reduced  in  width  and, 
according  to  Lewis,  -'-  is  detached  and  obliterated  in  embryos 
of  from  5  to  7  mm.,  long  before  the  intestinal  epithelium  shows 
the  least  signs  of  differentiation.  This  author  states  that,  in 
the  stomach,  epithelial  pits  first  make  their  appearance  in  16 
to  19  mm.  embryos,  and  solid  buds  of  granular  cells,  the  first 
rudiments  of  the  gastric  glands,  at  99  mm.  In  the  small 
intestine  the  development  of  villi  begins,  in  its  upper  part,  at 
19  mm.,  they  spread  downwards  and  are  found  throughout  its 
whole  length  only  at  the  130  mm.  stage.  Lieberkuehn's  glands 
first  appear  near  the  pylorus  at  78  mm.  At  120  mm.  they  have 
reached  the  middle  part  of  the  small  intestine. 

Whereas  the  vitelline  duct  normally  disappears  during  the 
first  month  of  embryonic  life,  dilTcrentiation  of  the  glands  of 
the  intestine  does  not  begin  until  towards  the  end  of  the  fourth 
month. 

There  is  no  reason  to  suppose  that  the  epithelium  of  the 
vitelline  duct,  at  the  time  that  it  is  almost  as  wide  as  the 
primitive  gut,  does  not  share  in  all  its  prospective  potentialities, 
or  that  it  fails  to  retain  them  until  the  time  of  its  disappear- 
ance. If  the  view  is  correct  that  differentiation  and  develop- 
ment are  essentially  reactions  to  imccjual  stimulation,  it  follows 
that    every  part  of    the    gut    must,  during    the  whole  of   its 
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subsequent  existence,  constantly  be  undergoing  diffcTentiatiou 
in  different  directions,  until  its  permanent  characters  are 
attained,  since  no  two  parts  of  it  are  subjected  to  precisely  the 
same  environmental  conditions.  If  every  stage  of  develop- 
ment is,  as  I  have  said  above,  a  parting  of  the  ways,  different 
characters  constantly  become  dominant  in  different  segments, 
the  other  original  potentialities  at  the  same  time  becoming 
recessive. 

But  if  the  vitelline  duet  persist  abnormally,  its  proximal 
end  will  be  subjected  to  the  same  conditions  as  the  loop  of 
small  intestine  to  which  it  is  joined.  This  part  of  Meckel's 
diverticulum  has  therefore  always  the  structure  of  the  ileum, 
and  shares  with  it  (and  with  the  rest  of  the  duet)  the  potentialitv 
to  produce  pancreatic  tissue.  The  distal  part  of  the  (hid, 
especially  if  it  be  constricted  or  isolated,  is  nuieh  more  indej)cn- 
dent  of  natural  environment.  Here  the  conditions  are  grosslv 
abnormal  as  compared  with  the  rest  of  the  intestine,  and  all  the 
prospective  potentialities  of  the  duct  can  be,  and  actually  are, 
unfolded.  Precisely  why  it  should  in  one  ease  produce  gastric 
and  in  another  duodenal  glands  it  is  impossible  even  to  guess. 
But  I  believe  that  these  differences  in  structure  depend  on 
differences  in  stimulation.  The  generally  accepted  view  is  that, 
when  cells  are  displaced  from  their  natural  surroundings,  they 
remain  "  embryonic  "  and  less  differentiated  and  their  poten- 
tialities are  therefore  abnornudly  great.  I  believe  that  the 
potentialities  are  identical  in  all  the  cells  of  the  fore-gut  and  of 
the  vitelline  duct.  They  require  external  stinuili  to  become 
developed.  Where  these  stimuli  are  most  varied,  there  the 
greatest  number  of  the  ])rimitivc  potentialities  will  ha\  e  the 
best  chance  of  being  unfolded. 

I  know  of  but  one  observation  in  tiic  eml)ryo  that  concerns 
this  question.  Siegenbeek  van  Ileukelom  "'  has  (leserihed  a 
nine-months  foetus  with  a  Meckel's  diAcrticulum  with  the 
structure  of  the  small  intestine,  and  an  isolated  umbiheal 
polypus  with  that  of  the  pylorus  of  the  same  individual.  This 
observation  indicates  that  the  persistent  remains  of  the  vitelhnc 
duct  undergo  their  development  ])ari  passu  with  that  of  the 
intestinal  canal.  It  tends  to  support  the  \  iew  that  these 
heterotopic  glands  are  not  the  result  of  the  j)ersistenee  of  the 
epithelium  in  an  embryonic  condition. 


V.  Heterotopic  Bonk  Formation 
Bone    is    frequently    deposited    around    and    upon    foci    of 
calcified   necrotic   tissue.     The   conunomiess   of  its   occurrence 
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can  be  judged  ol"  from  the  writings  of  Pollack, ^^  who  found  it 
in  over  70  per  cent,  of  the  calcareous  lymph  glands  he 
examined. 

Bone  occurs  most  frequently  in  old  tuberculous  lesions, 
since  the  caseous  areas  that  result  from  the  action  of  the  tubercle 
bacillus  are  very  liable  to  undergo  calcification.  I  have  seen 
it  in  calcified  scars  of  the  lungs  on  several  occasions. 

Next  in  frequency  this  tissue  is  found  in  arteries  that  are  the 
seat  of  arterio-sclerosis.  Its  usual  site  is  the  media,  where  it 
surroimds  and  replaces  the  calcareous  placques  characteristic 
of  the  later  stages  of  this  affection.  I  possess  sections  of  a  large 
calcified  aneurysm  of  the  profunda  femoris  artery,  the  greater 
part  of  whose  wall  consists  of  branched  and  anastomosing 
trabceuhie  of  laminated  bone,  many  of  which  are  surrounded  by 
osteoblasts  and  contain  well-marked  Haversian  canals.  They 
are  embedded  in  a  vascular  gelatinous  marrow  with  numerous 
fat  cells. 

The  veins  are  more  rarely  the  seat  of  bone  formation  than 
are  the  arteries.  I  have  seen  a  large  vein  in  the  substance  of 
the  liver,  whose  lumen  is  filled  by  a  calcified  thrombus,  at  one 
end  of  which  there  are  a  few  trabecular  of  conspicuously  laminated 
bone.  The}'  are  embedded  in  a  delicate  gelatinous  marrow  with 
a  few  small  groups  of  myelocytes  close  to  its  wide  thin-walled 
capillaries. 

In  the  heart  bone  can  be  found  occasionally  in  calcified 
vegetations  and  sclerotic  patches  of  the  valves  and  other  parts 
of  the  endocardium.  Fig.  12  is  a  drawing  of  the  lymphoid 
marrow  surrounding  the  spicules  of  bone  in  a  calcified  patch 
in  the  left  auricle.  It  shows  large  fat  cells  and  wide  blood 
spaces,  as  well  as  numerous  groups  of  erythroblasts  and 
myelocytes,  among  w'hich  megakaryocytes  are  conspicuous 
objects. 

Bone  has  been  found  in  the  skin  and  subcutaneous  tissue, 
usually  in  association  with  calcified  sebaceous  cysts  and  cpithe- 
liomata.  I  have  seen  a  spicule  of  laminated  bone  among  the 
hair  follicles  of  the  subcutaneous  tissue  of  the  lower  lip.  It  is 
bent  to  form  an  almost  complete  circle.  The  narrow  interval 
between  its  ends  lies  on  its  deep  aspect  and  is  occupied  by  a 
group  of  sweat  glands.  Its  concavity  is  filled  with  adipose 
tissue  that  does  not  differ  from  the  neighbouring  lobules  of 
subcutaneous  fat.  Its  convexity  is  surrounded  by  bimdles  of 
areolar  tissue.  There  are  no  indications  of  its  causation;  it 
was  found  by  accident. 

I  have  found  small  spicules  of  osteoid  tissue  and  bone  in 
the  sclerosed  fibrous  tissue  under  the  granulations  lining  an 
artificial  anus  of  al)out  a  year's  standing.  There  are  no  signs 
of  necrosis  or  calcification  of  the  surrounding  fibrous  tissue, 
whose  cells  have  proliferated  and  enlarged  in  places.  These 
large  connective  tissue  corpuscles  are  identical  in  structure 
with  osteoblasts.     They  form  small  irregular  groups.     Osteoid 
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tissue  appears  between  the  cells,  some  oi"  whieli  are  enclosed 
within  it  as  bone  corpuscles.  Calcification  rapidly  supervenes 
and  narrow  irregular  spicules  of  bone  result.  The  appearances 
are  the  same  as  those  (lescribeil  by  liusse,"  who  draws  attiiition 
to  the  rare  cases  of  ossification  of  inflanuuatory  tissuf  without 
antecedent  necrosis  or  caleilication. 

The  majority  of  the  specimens  enumerated  above  contain 
evidence  of  absorption  and  moulding  of  the  bone.  Multi- 
nucleated giant  cells  are  frequently  found  within  lacunic  on  the 
surface  of  the  trabecuhr. 

Bone  has  been  produced  experimentally.  An  especially 
favourable  tissue  for  its  study  is  the  rabbit's  kidney.  The 
most  recent  paper  on  this  subject  is  one  by  Asami  and  Dock.-* 


Fig.  12. 

Lymphoid  marrow  in  heterotopic  bono  in  left  auricle. 

It  Avill  be  seen  from  the  above  list  that  heterotopic  bone 
formation  occurs  in  many  parts  of  the  body.  Indeed  there  is 
no  tissue  in  which  it  cannot  take  place  in  suital)le  conditions. 
These  conditions  arc  fulfilled,  in  the  vast  majority  of  cases, 
when  a  necrosis  has  undergone  calcification, 

A  few  years  ago  I  ^-^  described  the  changes  that  li<l  lo  i)onc 
formation  in  a  necrotic  calcified  epithelioma  of  the  skin,  which 
was  particularly  favourable  for  their  study.  Since-  then  I 
have  had  the  opportunity  to  examine  another  case  of  the  same 
kind.  I  need  do  no  more  than  gixc  a  sununai-y  of  tin  conclusions 
that  I  arrived  at. 

The  dead  calcified  epithcliuni  of  the  tiiinour  t;ii<cs  no  active 
part  in  the  formation  of  the  boiu-.  .lust  as  every  other 
calcareous  focus,  it  acts  merely  as  a  seaffoUling,  on  to  which  the 
bone  is  deposited  (Fig.  13),  In  this  respect  it  performs  the 
same  function  as  cartilage  in  endochondral  ossification. 
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The  calcified  tissue  acts  as  an  aseptic  irritant,  and  induces 
a  mild  degree  of  plastic  inflammation  of  the  nciohbouring  con- 
nective tissue.  The  latter  reacts  to  it  in  the  usual  manner,  its 
libroblasts  divide  and  nuiltiply,  and  give  rise  to  cellular  granula- 
tion tissue,  Avith  numerous  capillary  vessels,  which  surroimds 
the  calcareous  placqucs. 

Like  every  other  insoluble  foreign  ixxly,  the  calcilied  tissue 
is  eroded  by  large  nuiltinucleated  giant  cells  (Fig.  13),  that 
appear  to  originate  from  the  fibroblasts  by  confluence  or  incom- 
plete division,  and  arc  to  be  seen  in  laciuur  that  they  have  made 
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Fig.  13. 
Bone  formation  in  calcified  necrotic  cutaneous  epithelioma. 

for  themselves  at  its  edges.  The  giant  cells  display  a  double 
activity.  They  dissolve  the  Calcium  salts  by  means  of  the 
CO2  produced  by  their  active  metabolism,  and  then  liquefy 
the  organic  remains  by  means  probably  of  extra-celhflar  fer- 
ments. Such  fragments  as  resist  licpicfaction  they  surround 
and  ingest,  and  eventually  digest  them  completely. 

The  fibroblasts  that  inmiediately  surround  the  calcified 
tissue  react  to  the  local  supersuturation  with  the  Calcium  salts 
dissolved  by  the  giant  cells  in  the  same  manner  as  when  they 
come  into  contact  with  calcifled  cartilage  during  normal  ossifica- 
tion. They  take  on  the  functions  of  osteoblasts,  and  often  their 
shape  as  well  (Fig.  13),  although  the  latter  phenomenon  is  not 
an  invariable  and  necessary  one.     Instead  of  laying  down  the 
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matrix  of  libnnis  tissue,  thcv  lay  down  that,  ol"  laiiiinalcd  bone. 
Some  of  them  are  surrouiuk-d  by  its  librrs.  tliiis  becoming  bone 
corpuscles  with  typical  branched  processes  which  extend  within 
the  canaliculi  of  the  juatrix. 

Once  bone  has  been  laid  down  it  extends  into  the  ealeilied 
tissue  by  means  of  "  invisible  absorption  "'  of  its  C(jnstituents  in 
the  manner  I  have  attempted  to  explain  in  my  paper  on  the 
subject.  The  necrotic  tissue  is  eventually  replaced  completely 
by  it.  No  sooner  has  the  bone  been  formed  than  it  begins  to 
be  reabsorbed  by  osteoclasts.  The  absorption  progresses  until 
the  whole  of  the  newly-formed  bone  may  disappear,  and  nothing 
remains  but  a  fibrous  scar. 

The  process  described  above  appears  to  be  a  peculiarly 
purposive  adaptation  to  alterations  of  environment.  Calcified 
tissue  is  highly  insoluble,  its  removal  takes  a  long  time.  It 
seems  to  be  much  easier  and  quicker  for  the  body  to  react  by 
the  formation  of  bone,  a  calcified  living  tissue,  which  sur- 
rounds and  eventually  replaces  the  dead  foreign  body.  That 
this  is,  so  to  speak,  the  reason  of  its  production,  is  shown  by 
experimental  evidence.  The  longer  the  animals  are  kept  alive, 
the  more  marked  are  the  signs  of  reabsorption.  Thus  Maximow  -' 
found  traces  only  of  bone  at  the  end  of  a  year. 

No  sooner  has  bone  been  deposited  than  the  granulation 
tissue  surrounding  it  acquires  the  characters,  hrst  of  gelatinous, 
next  of  fatty,  and  lastly  of  lymphoid  marrow.  A  striking 
example  of  the  latter,  in  which  there  is  abundant  evidence 
of  haemopoiesis,  is  afforded  by  the  calcified  placque  from 
the  left  auricle  illustrated  in  Fig.  12.  I  have  seen  a  supra- 
renal, the  centre  of  which  had  been  replaced  by  fatty  and 
lymphoid  marrow.  I  attribute  its  presence  to  calcifieatiiin, 
the  result  of  haemorrhage  or  of  necrosis.  The  ealeilied  material 
had  been  substituted  by  bone,  which  had  been  completely 
reabsorbed,  the  marrow  only  remaining. 

The  fate  of  the  cartilage  of  the  developing  skeleton,  except 
where  it  forms  the  articular  surfaces  of  joints,  is  to  die  and  to 
become  calcified,  forming  a  sealTolding  on  which  bone  is  deposited 
by  the  fibroblasts  of  the  vascular  connective  tissue  by  which 
it  is  invaded.  Thus,  it  is  produced  tlu-ongh(tut  life  nndcr  the 
periosteum  whene\er  a  \ery  al)undant  calhis  is  fornied. 
Kapsammer  ^"  saw  it  in  his  exj)crinicnts  with  much  displaeenu-nt 
and  movement  of  the  fragments  at  the  site  of  fractures,  I 
have  observed  it  on  several  occasions  in  the  shells  of  bony  tissue 
around  cysts  of  the  long  bones.  Cartilage  is  a  purely  tempi  >rary 
structure  w^hose  matrix  is  prone  to  ealeifieation.     As  it  forms  a 
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very  suitable  material  on  which  ossification  can  take  place, 
it  makes  its  appearance  when  an  unusual  amount  of  callus  is 
produced. 

Islands  of  cartilage  are  occasionally  found  in  heterotopic 
bone  formation.  This  tissue  has  been  produced  experimentally 
on  several  occasions,  for  instance  by  Harvey  ^-^  in  the  rabbit's 
aorta.  In  man  it  has  been  found  with  some  regularity  in 
laparotomy  scars.  Strassbcrg  ^'^  saw  it  two  months  and  a  half 
after  an  operation.  Fig.  14  represents  a  part  of  a  nodule,  2  cm. 
in  length  by  |  cm.  in  thickness,  which  was  found  in  a  scar  in 
the  falciform  ligament  of  the  liver  immediately  above  the 
umbilicus  of  a  man  of  fort3^-seven,  on  the  forty-first  day  after 


Fig.  14. 
Cartilage  and  bone  in  calcified  scar,  forty-one  days  after  laparotomy. 

an  exploratory  laparotomy.  It  was  firmly  calcified  and  is  seen 
to  consist  of  branched  trabeculae  of  lamellar  bone,  with  Haver- 
sian canals.  The  centres  of  many  of  the  trabeculae  contain 
the  remains  of  a  calcified  hyaline  cartilage,  which  is  being 
replaced  by  bone.  In  one  part  of  the  specimen  there  is  a  large 
nodule  of  cartilage,  whose  formation  from  the  surrounding 
cellular  connective  tissue  is  shown  in  Fig.  15.  The  fibroblasts 
gradually  increase  in  size,  and  arc  arranged  in  rows  owing  to 
the  secretion  of  a  hyaline  matrix  between  them,  which  becomes 
condensed  around  them  as  capsules. 

Conclusions. — (1)  When  necrotic  calcified  tissue,  because  of 
its  irritant  action,  is  surrounded  by  cellular  granulation  tissue, 
the  fibroblasts  of  the  latter  readily  take  on  the  functions,  as 
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well   as   the   structure,    of    osteoblasts   and   deposit   layers   of 
laminated  bone  on  its  surface. 

(2)  This  change  in  the  fibroblasts  is  due  to  stimulation  by 
the  local  excess  of  Calcium  salts  dissolved  out  of  the  calcified 
tissue  by  the  action  of  foreign  body  giant  cells,  and  probably 
of  the  fibroblasts  themselves. 

(3)  This  alteration  of  function  is  susceptible  of  one  of  two 
explanations  : 

(a)  The  fibroblasts  change  their  character.  Instead  of  re- 
maining fibroblasts  and  producing  fibrous  tissue,  they 
undergo  a  metamorphosis  into  osteoblasts  and  produce 
bone.     The  change  is  a  direct  metaplasia.     The  cells 


Fig,  15. 
Formation  of  hyaline  cartilage  from  connective  tissue  of  same  specimen. 


that  have  undergone  differentiation  in  one  direction  lose 
it,  and  undergo  differentiation  in  another  direction. 
(b)  Fibroblasts  are,  to  all  intents  and  purposes,  undiffer- 
entiated. The  function  that  is  performed  by  them  at  a 
given  moment  depends  solely  on  the  stimuli  to  which 
they  are  subjected.  When  these  change,  the  functions 
alter.  In  the  absence  of  Calcium  salts  in  solution,  the 
various  forms  of  areolar  and  fibrous  tissue  are  pro- 
duced according  to  circumstances.  In  their  presence 
in  sufficient  concentration  bone  is  laid  down.  The 
change  of  function  is  not  due  to  an  alteration  of  the 
character  of  the  cells ;  it  is  a  reaction  to  an  alteration 
of  the  environment. 
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I  have  attempted  to  show  elsewhere  ^^  that  the  second 
exphination  is  tlic  eorreet  one.  Fibroblasts,  especially  when  they 
are  in  a  state  oi"  active  prolil'eration,  resemble  very  closely  indeed 
the  cells  of  the  primitive  mesenchyme.  They  are  indifferent 
cells,  that  readily  give  rise  to  every  kind  of  areolar  and  fibrous 
tissue.  Since  the  organic  matrix  of  bone  is  very  similar  to  that 
of  connective  tissue,  no  fundamental  change  is  required  in  the 
cells  that  deposit  it. 

(4)  When  nuich  new  bone  is  produced  rapidly,  the  periosteum 
of  the  skeleton  forms  cartilage  as  an  intermediate  tissue  that 
can  easily  be  replaced  by  bone.  The  fibroblasts  in  general 
share  this  ability,  and  hyaline  cartilage  is  occasionally  found  in 
heterotopic  bone  formation. 

(5)  The  heterotopic  ossifications  afford  us  instances  of  the 
fact  that,  Avithin  the  group  of  the  connective  tissues,  the  exact 
nature  of  the  structure  produced  does  not  depend  on  the 
character  of  its  cells,  but  on  the  stimuli  to  which  they  are 
subjected.  They  illustrate  the  amount  of  "  regulation  "  that 
can  take  place  in  the  adult  body.  They  suggest  that  the  cells 
of  the  skeleton  do  not  differ  in  their  essential  characters  from 
those  of  the  other  connective  tissues. 

(6)  They  can  often  be  examined  in  an  unfinished  condition, 
and  their  mode  of  origin  thus  investigated.  They  strengthen 
the  view  that  the  epithelial  heteroplasias  and  allied  anomalies 
have  an  analogous  causation,  and  that  differentiation  and 
develo])ment  are,  in  great  part,  reactions  to  stimuli  from 
outside  the  cells  themselves. 

VI.  The  Metaplasias  of  Epithelium 

In  inflammations,  especially  when  they  are  suppurative  and 
of  a  subacute  or  chronic  nature,  surfaces  that  are  naturally  lined 
by  columnar  cells  are  occasionally  found  to  be  covered  by 
squamous  epithelium.  These  lesions  are  always  characterised 
by  a  considerable  amount  of  proliferation  and  new  formation 
of  the  fixed  cells  of  the  part.  They  constantly  react  to  the  injury 
and  attempt  to  repair  the  losses  produced  by  it.  The  ultimate 
result  depends  on  the  nature  and  strength  of  the  irritant.  If 
the  tissues  cannot  react  to  it  they  die,  and  necrosis  and  ulcera- 
tion result.  ]3ut  reaction  takes  place  to  less  powerful  irritants. 
The  connective  tissue  proliferates  and  gives  rise  to  vascular 
granulation  tissue.  The  epithelium  at  the  edges  of  the  lesion 
and  the  parts  of  it  that  have  escaped  destruction  within  it,  also 
proliferate  and  constantly  tend  to  spread  on  the  surface  of  the 
naked  granulations  and  to  cover  them.     As  soon  as  the  inflam- 
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mation  al^atcs  to  a  .sufficient  extent  the  epitlielial  covering  is 
restored. 

In  some  cases  this  covering  becomes  squamous  instead  of 
cohnnnar.  It  must  be  remembered  tliat  sueli  a  change  is  much 
more  than  one  of  form,  since  it  demands  the  loss  of  the  power 
to  produce  mucin,  ciha,  etc.,  and  the  acquisition  of  a  new  set 
of  characters,  namely  intra-cellular  fibrils,  prickles,  and  the 
ability  to  keratinise.  To  this  change  the  name  of  "  metaplasia  " 
lias  been  applied. 

Before  I  attempt  to  offer  an  explanation  of  this  phenomenon, 
it  will  be  advisable  to  give  a  list  of  some  of  the  epithelial  meta- 
plasias that  arc  known  to  occur. 

There  are  two  parts  of  the  body  where,  in  my  experience, 
a  metaplasia  of  columnar  into  squamous  epithelium  takes  place 
with  some  degree  of  frecjuency  in  chronic  inflammations,  and 
where  it  is  possible  sometimes,  from  the  histological  appear- 
ances, to  form  conclusions  as  to  the  manner  in  which  it  has  been 
devcloj)ed.  Both  these  places  are  close  to  regions  that  are 
lined  by  squamous  epithelium.  One  is  the  respiratory  part 
of  the  nose  and  the  air  sinuses  that  communicate  with  it.  They 
are  lined  by  a  ciliated  columnar  "  respiratory  "  epithelium. 
a  derivative  of  the  epiblast.  The  other  is  the  cervical  canal 
of  the  uterus,  whose  covering  consists  of  a  colunmar  mesoblastic 
epithelium.  The  inflammatory  polypi  tiiat  are  conmionly 
found  at  these  spots  arc  often  lined  by  squamous  as  well  as  by 
columnar  cells. 

About  50  per  cent,  of  the  nasal  polypi  I  ha\'e  seen  possess 
a  partial  squamous  covering.  Sehriddc  ^'^  has  described 
and  illustrated  their  microscopic  appearances.  I  can  corro- 
borate his  statements,  to  which  I  have  nothing  to  add.  I  have 
examined  large  inflammatory  granulations  from  the  maxillarv 
antrum.  Many  of  them  are  covered  by  a  beautiful  scpiamous 
epithelium  showing  faint  traces  of  keratinisation.  The  prieklr 
cells  are  very  well  developed.  In  places  where  the  epithelium 
is  a'dematous  these  cells  have  been  forced  apart  by  fluid.  Here 
their  connecting  processes  are  often  greatly  elongated  and 
stretch  from  cell  to  cell  across  the  intervening  space. 

Analogous  ajipearances  can  be  observed  in  the  pol\])i  that 
arise  in  the  cervical  canal.  Tliey  consist  of  lobulated  masses 
of  innammatory  granulation  tissue.  In  some  specimens  all 
stages  from  loops  of  young  blood-^•esscls  surrounded  by  leuco- 
cytes to  differentiated  hbrous  tissue  can  be  traced.  A  part 
of  one  of  these  polypi  is  represented  in  Fig.  IG.  Pieces  of  two 
contiguous  lobules  are  to  be  seen,  built  up  of  vascular  voung 
connective  tissue.  The  larger  is  lined  by  squamous  cpitlieliiun 
on  its  external  surface.  The  space  between  the  lobules,  which 
ends  blindly  beyond  tlic  limits  of  the  drawing,  is  ecnered  in  its 
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deeper  part  below  by  a  row  of  eolunmar  eells  a\  itli  small  deeply 
stained  ()val  luielei  and  clear  free  extremities.  They  ])resent 
all  the  features  of  young  cervieal  epithelium.  Between  them 
and  the  squamous  coverino-  there  is  a  band  of  a  single  layer 
of  large  irregular  eells  devoid  of  defmite  characters,  with  "big 
faintly  stained  vesicular  mielei.  that  merge  on  the  one  side  with 
the  cells  of  the  squamous  epithelium,  and  on  the  other  with 
those  of  the  columnar  kind.  As  soon  as  the  latter  acquire  a 
certain  degree  of  dilTerentiation,  the  superficial  part  of  the  con- 
nective tissue  on  which  they  rest  becomes  condensed  to  form 
a  basement  membrane  for  them.  This  is  completely  absent 
under  the  stpiamous  epithelium.  Identical  pictures  aVe  found 
again  and  again  in  all  parts  of  the  specimen.     They  can  only 


Fig.  16. 

Metaplasia  of  epitlielium  of  polypus  of  cervix  uteri.  IndifTereut  cells  giving 
risfe  to  squamous  epithelium  on  the  one  side  and  to  cervical  ejiithelium  on  the 
other. 

be  ex})lained  on  the  assum])tion  that  the  zone  of  cells  in  the 
middle  gives  rise  to  squamous  epithelium  on  the  surface  of  the 
jjolypus,  and  to  cervical  glands  in  its  sheltered  bays. 

These  polypi  represent  a  large  increase  in  the  surface  of  the 
cervieal  canal,  that  is  covered  by  its  epithelium  as  soon  as  cir- 
cumstances permit.  In  order  to  accom])lish  this  its  cells  have 
to  proliferate  to  an  enormous  extent,  and  in  so  doing  they 
exhibit  no  tendency  to  become  columnar.  They  glide  over  the 
surface  of  the  mass  of  granulations  and  into  all  its  exposed 
tissue  spaces  as  rounded  and  irregular  large  cells  identical 
Mith  those  seen  in  Fig.  IG.  The  youngest  granulations  are 
always  covered  by  them.  Not  until  they  have  been  covered 
do  the  cells  of  the  epithelium  stop  their  rapid  division  and  begin 
to  differentiate.  They  now  possess  the  potentiality  to  do  so 
in  two  directions.     On  the  surface  of  the  polypus  they  produce 
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squamous  epithelium,  and  in  its  narrow  tissue  spaces  tliey  give- 
rise  to  ccr\ic'al  glands. 

Fig.  10  jiroves  tiuit  this  is  not  a  rcplactincnt  of  cervical 
glands  by  squamous  epithelium,  islands  of  which  have  l)een 
shown  by  Meyer  ^^  to  persist  under  the  cohnnnar  cells  of  the 
cervical  canal.  I  am  laniiliar  with  this  replacement  in  erosions 
of  the  cervix,  which  are  healing  ulcers  covered  partiv  by  the 
squamous  epithelium  of  the  external  os,  and  ])artlv  by  the 
cohnnnar  nuicous  mend)rane  of  the  canal.  A  contilmous 
struggle  goes  on  between  these  cells,  on  the  issue  of  which  the 
nature  of  the  ultimate  covering  of  the  lesion  depends.  The 
cells  of  one  epithelium  insinuate  themselves  under  those  of  the 
other,  lifting  them  from  the  et)nneetive  tissue  and  thus  separating 
them  from  their  blood-supply.  Tliis  struggle  is  going  on  to  a 
slight  extent  in  the  uj)per  lobule  in  Fig.  10.  Some  compressed 
columnar  cervical  glands  ha\  e  here  been  pushed  by  a  layer  of 
young  squamous  epithelium  into  the  lumen  of  the  sjiace  in  the 
left-hand  corner  of  the  figure. 

Obscrxations  like  this  show  that  the  (•ojuiiinar  cpithchuni 
of  certain  parts  of  the  body,  after  long-continued  prohferation, 
during  which  the  appearance  of  its  cells  warrants  the  conclusion 
that  it  has  lost  a  part  at  least  of  its  differentiation,  can  revert 
to  a  primitixe  condition  and  undergo  heterotopic  differentiation 
into  squamous  epithelium.  At  the  same  time  it  retains  the 
power  to  produce  columnar  cells. 

The  epithelium  of  the  duets  of  the  salivary  glands  occasion- 
ally undergoes  identical  changes.  I  have  seen  a  case  of  sup- 
puration of  the  submaxillary,  whose  ducts,  where  they  are 
surrounded  by  young  granulation  tissue,  possess  a  j)artial 
lining  of  s(juamous  epithelium  with  numerous  mitoses.  It 
occurs  as  islands  that  arc  easily  recognisable  by  the  size  of  the 
cells  and  the  shape  of  the  nuclei.  They  are  always  connected 
with  the  basal  layer  of  the  cells  of  the  duct,  and  ha\e  pushed 
its  columnar  epithelium  info  the  lunun  and  caused  it  to  become 
loosened  and  descpiamated  in  many  j)laces.  In  a  case  of  chntnic 
suppuration  and  fibrosis  of  the  parotid  that  I  have  examined. 
the  greater  j)art  of  fhe  gland  has  been  con\irted  int<t  dense 
fi})rons  tissue,  between  the  strands  of  which  a  few  atn)phied 
and  inflamed  secreting  acini  remain.  In  many  j)arts  of  the 
sections  there  are  irregular,  dlfen  branched,  strands  and  ishituls 
of  squamous  epithelium,  with  well-marked  eolunmar  basal 
cells.  Manv  of  these  islands  bear  a  striking  nsiniblance  to  the 
epithelium  of  the  vagina,  their  central  cells  being  swollen, 
with  j)ale  bodies  surrounded  by  deeply  stained  "cell  membranes."' 

.McKen/.ic  -^  found  an  extensive  metaplasia  into  sijuamous 
epithelium  in  the  smaller  bronchi  of  four  cases  of  broncho- 
pneumonia in  children,  out  of  a  total  of  fort\-threc  cases 
I  '2 
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examined.  I  have  seen  these  changes  on  several  occasions. 
They  are  very  rare  in  adults,  but  the  best  instance  I  have 
observed  is  from  a  man  of  forty,  who  had  died  of  a  sub-acute 
form  of  this  a  fleet  ion.  Some  of  the  small  bronchi  arc  completely 
lined  by  squamous  epitiiclium  with  distinct  prickles,  and  with 
numerous  minute  globules  of  keratohyalin  in  its  superficial 
cells.  The  lumina  are  often  occupied  by  desquamated  shreds 
and  bands  of  ciliated  epithelium. 

I  have  seen  the  vas  deferens  lined  by  squamous  epithelium 
with  slight  keratinisation  in  a  case  of  tuberculosis  of  the  epidi- 
dymis. Its  wall  is  thickened  and  infiltrated  with  lymphocytes. 
In  two  instances  of  this  disease  I  have  found  squamous  epithelium 
lining  some  of  the  tul)ulcs  of  the  epididymis.  It  is  surrounded 
by  tuberculous  granulation  tissue  in  both  cases,  and  exhibits 
a  marked  tendency  to  form  branched  papillae  that  grow  outwards 
into  it.     Keratinisation  is  present  in  one  of  them  only. 

Metaplasias  into  squamous  epithelium  as  a  result  of  inflam- 
mation are  extremely  rare  in  the  alimentary  tract.  It  is  of 
interest  to  note  that  Fiitterer  i^  found  it  twice  in  gastric 
ulcers  that  he  had  produced  experimentally  in  rabbits.  The 
only  instance  of  its  presence  in  the  gall-bladder  in  man  that  I 
know  of  has  been  recorded  by  Lubarsch,-^  who  found  a  strip 
of  squamous  epithelium  in  a  case  of  cholecystitis  with  gall- 
stones at  the  base  of  a  small  inflammatory  granuloma. 

It  is  not  my  intention  to  do  more  than  mention  the  relative 
frequeiicy  with  which  squamovis  epithelium  is  found  in  carcino- 
mata  that  arise  in  mucous  membranes  and  organs  lined  by 
columnar  epithelium.  Its  presence  has  been  recorded  in  nearly 
all  parts  of  the  body.  In  my  experience  it  is  to  be  found  in 
about  50  per  cent,  of  the  carcinomata  of  the  corpus  uteri. 
Ilerxheimer  ^^  has  described  a  series  of  cases  comprising 
the  gall-bladder,  stomach,  coecum,  pancreas  and  the  uterus.  It 
is  worthy  of  note  that,  in  marked  contrast  to  the  extreme  rarity 
with  which  squamous  epithelium  has  been  found  in  inflamma- 
tions of  the  gall-bladder,  this  organ  is  rather  frequently  the  site 
of  a  squamous  carcinoma. 

It  will  be  seen  from  the  foregoing  observations  that  scpiamous 
epithelium  has  been  found  in  association  with  the  proliferation 
of  chronic  inflammation  and  in  malignant  tumours  in  a  variety 
of  places  that  are  normally  lined  by  colunmar-celled  mucous 
membranes.  In  accordance  with  what  one  would  expect,  it 
is  met  with  in  regions  close  to  surfaces  covered  with  squamous 
cells  with  comparatively  great  frequency.  Here  its  method 
of  formation  from  the  proliferated  cells  of  the  part  can  occasion- 
ally be  studied  {cf.  Fig.  10).     Heterotopic  squamous  epithelium 
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becomes  much  rarer  in  internal  organs  and,  in  many  localities, 
has  never  yet  l^een  lound  except  in  carcinomata. 

All  the  instances  hitherto  ciuunerated  concern  conducting 
surfaces,  the  bronchi,  the  gall-bladder,  etc.,  or  the  duets  of 
glands.  Thus,  in  the  two  cases  in  which  squamous  epithelium 
was  found  in  the  salivary  glands  it  was  limited  to  the  ducts. 
Since  the  cells  of  these  structures  are  obviously  nmeh  less 
highly  differentiated  than  those  of  the  secreting  acini,  and  since 
they  alone,  in  many  cases,  retain  the  power  to  proliferate 
(Schaper  and  Cohen  ^^),  it  follows  that,  when  metaplasia  occurs, 
it  is  almost  exclusively  confined  to  the  epithelium  of  the  ducts. 
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Metaj)lasia  of  cpitlu'lium  of  thyroid  in  niyxa?dema.     The  atrophied  vesicles,  some 
of  which  contain  remnants  of  colloid,  arc  lined  by  squamous  epithelium. 

In  fact,  I  have  been  imable  to  find  a  single  record  of  the 
metaplasia  of  glandular  epithelium.  The  following  case  is 
therefore  of  great  interest,  since  it  is,  to  the  best  of  my  know- 
ledge, the  first  instance  of  the  conversion  of  a  highly  differentiated 
secreting  e})ithelium  into  cells  of  the  s(iuanK)Us  type.* 

The  specimen  is  a  thyroid,  which  has  undergone  a  uiiilorni 
and  extreme  diminution  in  si/c,  although  its  shape  has  been 
retained.  Its  surface  is  slightly  granular,  it  is  pale  in  colour 
and  tough  in  consistency.  Its  lateral  lobes  measure  about 
15  nmi.  in  their  longest  diameter.  It  was  fountl  at  the  ]iost- 
niortem  examination  of  a  woman  of  fifty-four,  who  had  sufferetl 
from  severe  symptoms  of  myxcedema  for  four  yenrs. 

Microscopic  examination  shows  that  the  whole  of  the  organ 

*  Squamous-cellcd  carcinomata  of  the  thyroid,  of  which  1  have  seen  instances, 
have  been  recorded. 
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has  been  replaced  by  a  dense  accllular  fibrous  tissue  with  very 
thick-walled  blood-vessels.  Scattered  between  the  fibrous 
bundles  are  the  remains  of  epithelial  alveoli  (Fig.  17).  They 
are  surrounded  by  rinos  of  cellular  onnudation  tissue  densely 
inliltrated  with  lymphocytes,  among-  which  numerous  fibroblasts 
and  young-  connective  tissue  fibrils  arc  found.  The  epithelium 
occurs  in  groups,  as  solid  rods  and  islands,  and  as  small  alveoli, 
some  of  which  are  filled  with  colloid.  All  the  alveoli  are  very 
minute,  and  arc  surrounded  by  a  layer  of  flattened  epithelial 
cells.  The  whole  of  the  epithelium  appears  to  be  squamous, 
since  prickle  cells  are  j)rcsci;t  in  nearly  every  alveolus.  Fig.  18 
is  a  high-power  drawing  of  three  solid  masses  of  epithelium, 
in  manv  of  whose  cells  distiiu-t   fibrillation  can  be  made  out. 


Fig.  f8. 
Part  of  same  specimen  highly  magnilicd.     Prickles  and  intracellular  fibrils. 


These  fibrils  pass  from  cell  to  cell  as  very  evident  bridges  or 
prickles.  There  are  no  signs  of  keratinisation.  (The  figure 
shows  invasion  of  the  epithelium  by  connective  tissue  fibrils, 
which  surround  its  cells  and  cause  them  to  degenerate.) 

In  this  atr()j)hicd  and  inflamed  thyroid  the  whole  of  the 
secreting  epithelium  has  been  converted  into  non-keratinised 
squamous  cells  with  fibrillation  and  prickles.  That  this  tissue 
represents  the  original  secreting  epithelium  is  proved  by  the 
alveolar  structure,  and  by  the  presence  of  the  last  renmants 
of  the  thyroid  colloid  within  the  lumina  of  the  alveoli.  The 
glandular  epithelium  has  assumed  the  structure  of  that  of  the 
pharyngeal  hypoblast,  from  a  bud  of  which  it  is  developed. 
The  conversion  is  complete,   and   nowhere  are  there  signs  of 
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its  early  stages.     But   the  marked   inflaniniatory  and   librotie 
chaiifTes  suggest  that  they  arc  responsible  lor  its  presence. 

The  occurrence  of  heterotopic  squamous  epithelium  has 
been  demonstrated  by  a  number  ol'  instances.  The  converse 
metamorphosis  is  extremely  rare.  The  best  instance  that  I 
know  of  is  afforded  by  the  tubides  lined  i)y  cohnnnar  epithelium 
with  goblet  cells  that  arc  found  in  the  deep  parts  of  the  mucous 
mend)rane  of  the  bladder  in  cases  of  ectopia  vesictt.  They  have 
been  described  l)y  Schridde,^^  who  shows  that  they  arise 
from  the  basal  layer  of  its  epithelium.  They  are  comparable 
with  the  glands  found  in  the  urinary  passages  in  inflammations 
that  have  been  referred  to  in  the  section  on  ''  Prostatic  tissue 
in  the  urachus  "  {vide  supra).  The  same  author  describes 
tubular  glands  with  tall  cylindrical  cells  in  a  non-keratinised 
squamous  carcinoma  of  the  skin.  I  have  seen  similar  appear- 
ances. The  deep  parts  of  a  basal  celled  carcinoma  (rodent 
ulcer)  of  the  chin  with  slight  keratinisation,  contain  numerous 
irregular  l)ranehed  glands,  whose  liunina  are  lined  by  cubical 
and  columnar  cells,  many  of  which  are  distended  with  nuicin 
and  are  typical  gol)let  cells.  The  explanation  of  the  rarity  of 
the  metaplasia  of  sijuamous  into  columnar  epithelium  pr()l)ably 
depends  on  the  reasons  given  by  Sehridde.''  The  degree 
of  differentiation  is  higher  in  the  former  than  in  the  latter, 
and  metaplasia  is  therefore  less  liable  to  occur.  We  have 
just  seen,  howe\er,  that  it  can  take  place  in  a  highly  differentiated 
secreting  epithelium.  Again,  columnar  eclls  on  the  surface  of 
the  body  are  probably  killed  as  sof)n  as  formed  by  mechanical 
factors  (friction,  inflanunatory  discharges,  etc.).  It  is  only  in 
exceptionally  sheltered  localities,  as  in  the  deep  parts  of 
tumours,  that   tiny  can  persist. 

Very  definite  changes  arc  found  in  the  epitluliuni  of  the 
alimentary  canal  in  inflanmiatory  conditions.  .Schmidt" 
was  the  lirst  to  study  them  systematically  in  tlu'  stoniaeli. 
lie  shows  that  the  loss  of  epithelium  that  occurs  in  chronic 
inflammations  and  atrophies  of  the  mucous  memijrane,  as  well 
as  at  tlu-  edges  of  gastric  ulcers,  is  compinsated  by  the  cells 
that  have  escaped  destruction.  They  often  undergo  a  great 
amount  of  proliferation  to  replace  the  lost  epithelium.  In 
all  parts  of  well  over  50  per  cent,  of  the  stomachs  he  carefully 
examined  he  was  able  to  demonstrate  that  the  new  epithelium 
assumes  the  morphological  structure  of  that  of  the  intestine. 

The  cells  of  the  intestinal  epithelium  stain  deiply.  they  possess 
a  striated  free  border,  and  mucus  accumulates  in  them  as  true 
goblets.      In  the  cells  of  the  stoniai'h,  on   the  other  hand,  the 
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nuicus.  or  miicigen.  is  present  as  irregular  small  globules 
between  whieh  a  delieate  cytoplasiuie  network  persists,  giving 
them  a  linely  vaeuolated  or  foamy  ap{)earance.  It  may  be 
atldocl  that  the  nuelei  ot"  the  goblet  eells  of  the  intestine  usually 
retain  an  oval  or  rounded  form,  Avliereas  those  of  the  gastric 
glands  become  flattened  on  the  external  surface  of  the  cell, 
often  assuming  a  crescentic  shape.  The  gastric  glands  are 
branched,  whereas  the  crypts  of  Lieberkuehn  are  not.  Brunner's 
glands  of  the  duodenum  agree  in  these  respects  w'ith  those  of 
the  stomach. 

I  have  seen  these  changes  at  the  edges  of  ulcers  of  the  pylorus, 
both  simple  and  carcinomatous,  on  several  occasions.  They 
are  to  be  found  at  every  part  of  the  circumference  of  the  ulcer, 
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Fig.  19. 


Edge  of  ulcer  of  pylorus.     The  regenerated  epitheliuui  covering  the  gi'anulations 
has  assumed  the  type  of  Lieberkuehn's  glands. 

and  extend  well  above  the  region  of  Brunner's  glands.  One 
of  my  specimens  shows  an  absolutely  abrupt  transition  between 
them  and  the  pyloric  glands  (Fig.  10).  One  gland  is  of  the  latter 
kind,  the  next  a  crypt  of  Lieberkuehn,  with  numerous  large 
goblet  cells  and  a  striated  "  membrane."  That  all  these  glands 
are  newly  formed  is  shown  by  the  number  of  the  mitoses  they 
contain,  by  the  irregularity  of  their  shape,  and  by  the  fact 
that  they  cover  young  granulation  tissue. 

Within  the  last  few  days  I  have  had  occasion  to  observe 
changes  in  the  opposite  direction  in  a  tuberculous  abscess  of 
the  vermiform  appendix  (Fig.  20). 

Sinuses  are  present  among  the  granidations  that  line  it. 
One  of  these  has  acquired  a  partial  covering  of  epithelium  from 
the  nearest  intact  part  of  the  mucous  membrane  of  the  appendix. 
Glandular  down-growths  have  taken  place  into  the  granulation 
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tissue  from  tlic  more  mature  parts  of  this  new  covering.  One 
of  the  glands  is  branched.  Its  vertical  limb  (in  the  drawing) 
conforms  to  the  type  of  a  crypt  of  Lieberkuehn.  Its  cells  arc 
deeply  stained  and  two  goblet  cells  are  present  near  its  neck. 
Contrary  to  the  usual  occurrence,  their  nuclei  are  flat  and 
crcscentic.  Two  smaller  goblets,  with  oval  nuclei,  arc  to  l)e 
seen  at  the  point  where  its  epithcHum  joins  that  of  the  surface. 
The  other  limb  of  this  gland,  and  all  the  others  that  arc  present, 
conform  to  the  type  of  the  glands  of  the  upper  part  of  the  ali- 
mentary canal.  In  the  manner  in  which  their  secretion  has 
accunuilated  as  small  gloljules  surroimded  by  strands  of  cyto- 
plasm, and  in  which  the  nuclei  become  flattened  and  crcscentic, 
they  bear  a  closer  resemblance  to  the  glands  of  the  pylorus  than 
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Fig.  20. 


Sinus  in  tuberculous  vermiform  appendix.     The  epithelium  that  has  covered  it 
has  produced  glands  of  tlie  type  of  those  of  the  stomach. 

to  those  of  Brunner.  ,  They  are  still  youtig  and  not  yet  fully 
matured,  but  in  those  in  which  differentiation  is  fiuthest 
advanced  the  resemblance  to  these  glands  is  undeniable. 

The  spicimm  rejircscntcd  by  Fig.  20  seems  to  indicate  that 
the  epithelium  of  the  vermiform  appendix,  a  part  of  the  large 
intestine,  can,  as  a  result  of  acti\e  proliferation  of  its  cells, 
approach  in  structure  to  the  type  of  the  glajids  of  the  pylorus 
or  duodcmun.  On  another  occasion  I  have  seen  a  single  gland 
of  identical  structure  in  nn  ulcer  of  the  lower  part  of  the  ilcuju. 

In  discussing  these  iustanct-s  of  heterotoj>ic  ciiitluliiun  in 
inflammatory  jirolifcrations  I  iiave  taken  a  metaj)liisia  or  meta- 
morphosis of  one  kind  of  cell  into  another  for  granted.  It 
now   becomes   necessar\-   to   investirratc   the   manner   in    Mliich 
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siicli  a  clianoo  can  be  explained,  and  to  inquire  into  possible 
alternative  exjilanations  of  its  production. 

Differentiated  epithelial  cells  are  characterised  by  the  presence 
of  nietaplasmic  granules,  fibrils,  etc.,  which  are  specific  for 
different  kinds  of  epithelium.  There  is  absolutely  no  evidence 
to  show  that  a  cell  can  ever  cast  them  off  or  absorb  them  and 
subsequently  produce  a  different  set.  It  follows,  therefore, 
that  the  metaplasia  of  an  epithelium  can  never  be  direct,  the 
result  of  sucli  an  exchange  of  specific  characters.  Metaplasia 
is  always  indirect,  and  produced  by  long-continued  and  rapid 
cell  division.  Except  in  tumours,  metaplasias  are  only  found 
in  and  after  subacute  and  chronic  inflanunations. 

Schaper  and  Cohen  '^^  have  shown  that  differentiation 
and  the  ability  to  proliferate  are  incompatible.  The  higher 
the  degree  of  specialisation  attained  by  a  cell,  the  more  com- 
pletely does  it  lose  all  power  of  division.  The  physiological  wear 
and  tear  of  an  epithelium,  as  well  as  accidental  losses  that  it 
may  have  suffered,  are  always  replaced  and  regenerated  by  less 
highly  differentiated  basal  or  germinal  cells.  But  the  latter, 
in  normal  circumstances,  differentiate  only  into  the  one  kind 
of  tissue,  and  never  into  any  other  kind. 

The  embryological  evidence  points  to  the  same  conclusion. 
Schridde's  ^^  work  on  the  development  of  the  mucous  membrane 
of  the  oesophagus  has  been  referred  to  in  section  II  of  this  paper. 

There  are  three  possible  explanations  to  account  for  the 
occurrence  of  heterotopic  epithelium  as  a  result  of  proliferation. 
They  are — 

(1)  The  presence  of  a  group  of  cells  destined  originally  to 
participate  in  the  formation  of  another  tissue.  They  were 
displaced  during  development  and  have  remained  dormant, 
to  be  stimulated  to  growth  and  tlifferentiation  by  the  inflam- 
matory process. 

(2)  Late  differentiation  of  certain  cells  of  the  tissue  itself, 
in  which  its  permanent  characters  have  never  been  unfolded 
on  account  of  a  developmental  anomaly.  As  a  result  of  stinui- 
lation  by  pathological  conditions  they  undergo  a  belated  hetero- 
topic differentiation. 

(3)  The  potentialities  that  were  present  during  earlier  stages 
of  development  are  re-awakened  or  re-acquired  by  the  germinal 
cells  of  the  part  (in  the  sense  of  Schaper  and  Cohen  ^^j  coinci- 
dently  with  rapid  division  and  prolil'eration.  The  pathological 
stimuli  to  which  they  are  subjected  develop  the  recessive 
character  in  some  or  in  all  of  them,  and  a  true  metaplasia  takes 
place. 

Before  I  discuss  these  possibilities  I  must  compare  the  meta- 
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plasias  I  have  enumerated  with  the  corresponding  heteroplasias 
that  arise  during  development.  They  agree  in  that  the  hetero- 
topic tissue  that  is  produced  is  always  the  one  that  is  alternative 
or  recessive  at  the  moment  at  which  the  cells  ac(juire  their 
permanent  tissue  characters.  Thus  the  ectodermal  respiratory 
ciliated  epithelium  of  the  nose  is  converted  into  the  squamous 
epithelium  that  is  found  in  its  Ncstibidar  part,  the  mesodermal 
columnar  epithelium  of  the  cervical  canal  into  that  of  the 
vagina,  the  cells  of  the  ducts  of  the  salivary  glands  into  those 
of  the  buccal  epithelium,  and  so  on.  In  the  intestines  the  appear- 
ances are  analogous  to  those  described  in  the  heteroplasias 
and  in  the  remnants  of  the  vitelline  duct.  Even  the  squamous 
epithelium  in  the  epididymis  and  the  vas  deferens  corresponds 
to  changes  found  in  the  remains  of  the  Wolffian  body  and  duct 
in  the  female. 

This  close  correspondence  of  structure  warrants  the  coik-Iu- 
sion  that  the  aetiology  of  the  heteroplasias  of  development  and  of 
the  metaplasias  acquired  during  adult  life  is  essentially  the  same, 

AVe  will  turn  now  to  the  first  possible  explanation  of  the 
production  of  the  phenomena  under  consideration,  to  the 
presence  of  epithelial  cells  belonging  to  another  organ,  and  their 
belated  differentiation. 

It  is  very  doubtful  if  cells  are  ever  carried  away  and  dis- 
placed by  the  active  growth  of  an  organ.  Meyer  ^^  has 
insisted  that  this  is  a  mechanical  impossibility  in  almost  every 
case.  A  structure  like  the  Wolifian  duct  grows  by  division 
of  its  apical  cell,  in  very  much  the  same  maimer  as  the  growing 
tip  of  the  epithelium  on  the  raw  siu'face  of  the  granulations 
in  Fig.  20.  It  has  to  make  its  way  beneath  the  ectoderm  and 
between  the  cells  of  the  mesenchyme,  and  in  so  doing  always 
follows  the  path  of  least  resistance.  It  is  quite  impossible 
for  it  to  carry  away  with  it  cells  of  the  ectoderm  or  mesenchyme, 
even  should  it  have  become  adherent  to  them.  The  only  way 
in  which  cells  that  have  become  separated  from,  or  are  abnorm- 
ally loosely  attached  to  an  organ,  are  displaced  to  a  distance 
is  a  purely  passive  process.  Without  attempting  to  enter  into 
this  question,  I  need  but  instance  displacements  of  suprarenal 
cortex  by  the  descent  of  the  gonad.  They  can  be  found  at 
every  point  of  the  path  this  organ  has  taken.  Passive  separa- 
tion can  also  take  place  by  ingrowth  of  mesenchyme  in  capsule 
formation,  etc. 

In  order  to  justify  the  theory  that  a  heterotopic  tissue  has 
been  displaced,  it  nuist  be  proved  in  every  case  that  its  cells 
did  actually,  at  some  period  of  deveIo})iiient,  come  into  contact 
with  those  of  the  part  in  which  it  is  found. 
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It  is  a  suggestive  fact  that  heterotopic  epithehiim  is  most 
frequently  found  in  the  ducts  of  compound  glands  {e.  g.  the 
parotid  and  submaxillary),  and  that  it  has  apparently  never 
been  seen  in  a  highly  differentiated  secreting  tissue  except  in 
the  thyroid  described  above.  If  its  presence  were  due  to  dis- 
placed cells,  there  is  no  reason  why  these  should  not  be  found 
in  every  part  of  the  gland.  Its  preference  for  the  ducts,  whose 
cells  are  much  less  highly  differentiated  than  those  of  the  secret- 
ing acini,  suggests  that  it  has  been  formed  by  a  metamorphosis 
of  the  tissues  of  the  organ  themselves. 

In  parts  of  the  body  near  the  line  of  union  of  two  distinct 
epithelia  {e.  g.  the  nose,  cervix  uteri,  etc.),  the  difficulties  against 
assuming  a  displacement  of  cells  are,  of  course,  much  less  than 
in  internal  organs  like  the  gall-bladder,  which  is  as  remote  from 
a  surface  covered  by  squamous  epithelium  as  it  is  possible 
to  be.  During  no  stage  of  development  does  it  come  into  contact 
Avith  squamous  epithelium,  and  it  never  gets  a  chance  to  tear 
away  some  of  its  cells,  even  if  it  had  the  power  to  do  so.  Squam- 
ous epithelium  has  never  been  found  in  a  normal  gall-bladder 
in  which  signs  of  inflammation  were  absent  and  it  could  be 
accounted  for  as  a  heteroplasia  produced  at  the  time  of  differen- 
tiation of  the  cells  of  its  mucous  membrane.  But  it  has  been 
found  by  Herxheimer  ^^  in  the  ducts  of  the  normal  pancreas, 
an  organ  whose  developmental  history  is  very  similar.  In 
these  and  other  internal  organs  a  displacement  of  cells  is  impos- 
sible, and  we  are  driven  to  one  of  the  alternative  explanations 
of  the  presence  of  heterotopic  epithelium. 

Islands  of  squamous  epithelium  have  been  shown  by  Meyer  ^^ 
to  persist  under  the  columnar  mucous  membrane  of  the 
cervix  uteri  and  to  play  an  important  part«in  the  healing  of  the 
so-called  erosions  of  this  organ.  But  Fig.  16  shows  that  the 
presence  of  this  tissue  in  the  polypus  of  which  it  is  a  drawing 
cannot  be  accounted  for  in  this  manner.  A  zone  of  indifferent 
cells  is  clearly  present  here.  It  undergoes  differentiation  into 
squamous  epithelium  on  the  surface  of  the  polypus,  and  into 
columnar  cervical  cells  in  the  narrow  spaces  between  the  granu- 
lations. Whether  these  indifferent  cells  be  derived  from  the 
cervical  epithelium  or  from  persistent  squamous  islands  is 
really  immaterial  to  my  argument,  since  the  fact  remains  that 
they  undergo  differentiation  in  two  directions.  They  possess 
the  prospective  potentialities  of  the  mesoblastic  epithelium  at 
the  moment  of  formation  of  the  permanent  tissue  characters 
of  the  part. 

The  question  arises  :  Is  it  possible  for  cells,  be  they  dis- 
placed or  not,  to  remain  in  an  undifferentiated  and  therefore 
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a  functionless  state  for  many  years,  to  be  more  or  less  accident- 
ally roused  to  activity  by  some  pathological  stimulus?  This 
hypothesis,  for  it  is  nothing  more,  is  constantly  used  Avith  the 
greatest  readiness  to  explain  tumour  formation  and  some  other 
pathological  conditions.  But  when  we  come  to  examine  the 
evidence,  we  find  that  it  points  the  other  way. 

I  have  collected  for  years  all  the  tissue  malformations, 
including  accessory  organs  and  displaced  tissues,  that  I  have 
been  able  to  find.  Blastomatous  new  growths  that  contain 
more  than  one  kind  of  tissue  as  essential  constituents  of  their 
parenchyma  prove  nothing,  since  they  are  fully  formed  tumours, 
and  allow  of  nothing  better  than  speculations  as  to  the  nature 
of  the  cells  from  which  they  originated.  If  they  are  put  aside, 
it  is  found  that  all  the  other  displaced  and  abnormally  blended 
tissues  are  well  differentiated.  Only  when  they  are  actively 
growing  do  their  cells  present  a  somewhat  undifferentiated 
appearance.  This  is,  however,  no  greater  than  in  rapidly 
proliferating  tissues  in  general. 

The  evidence  therefore  shows  that  displaced  cells  undergo 
their  normal  differentiation  and  that  they  do  not  remain  in  a 
dormant  state.  Lubarsch  ^^  and  Meyer, ^*  who  have  collected 
long  series  of  tissue  malformations,  have  reached  the  same 
conclusions. 

The  same  evidence  applies  to  the  second  of  tlic  explanations 
suggested  above,  namely,  the  delayed  heterotopic  differentiation 
of  cells  of  the  organ  itself,  whose  permanent  tissue  characters 
had  not  been  acquired,  and  that  have  therefore  remained  in 
an  undifferentiated  condition.  A  few  pathologists,  who  have 
diligently  searched  for  them  in  organs  lined  by  squamous 
epithelium,  where  they  can  be  distinguished  by  the  absence  of 
fibrillation,  have  found  them  only  in  young  children.  Thus 
Schridde  ''^  states  that  he  has  been  able  to  demonstrate  them 
in  the  lips  of  eight  and  nine  months'  foetuses.  They  are, 
however,  so  rare,  that  he  is  unable  to  attach  any  importance 
to  them.  The  same  writer  ^'*  found  a  non-fibrillatcd  cell  in 
the  basal  layer  of  the  mucous  membrane  of  the  oesophagus, 
at  a  period  when  the  latter  had  acquired  its  fibrillation. 
Ilerxheimer  ^'  has  drawn  attention  to  the  frequent  occurrence 
of  small  undeveloped  gloiucruli  in  the  kidneys  of  infants  during 
the  first  year  of  life.  They  become  less  numerous  with  advancing 
age,  and  soon  disappear,  their  place  being  taken  by  small  masses 
of  hyaline  tissue.  The  evidence  that  cells  are  delayed  in  their 
development  is  thus  very  meagre ;  it  is,  from  its  very  nature, 
extremely  difiicult  to  collect.  But  such  as  it  is,  it  tends  to 
strengthen  the  argument  that  these  cells  do  not  persist  in  this 
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condition,  since  they  disappear  during  the  first  months  of  Hfc, 
and  either  have  acconipHshcd  their  differentiation  or  else  have 
been  destroyed. 

The  evidence  therefore  shows  that,  whereas  differentiated 
cells  and  tissues  cai)  remain  isolated  for  considerable  periods  of 
time,  it  has  yet  to  be  proved  that  undifferentiated  cells  can  do 
so.  For  the  permanent  teeth,  for  instance,  are  highly  developed 
organs  long  before  they  are  erupted.  Even  dental  cysts, 
branchial  and  thyroglossal  cysts,  and  analogous  remnants  are 
always  lined  by  well-diirercntiated  epithelium.  I  can  see  no 
reason  to  doubt  that  the  reproductive  cells,  during  their  earlier 
stages,  behave  in  a  similar  manner.  Child  "^  has  produced  much 
evidence  to  show  that  the  mature  ova  and  spermatozoa  are  old, 
highly  specialised  and  differentiated  cells.  Their  maturation  is 
exceedingly  slow,  but  there  can  be  no  doubt  that  they  exert  a 
great  and  enormously  important  influence  on  sexual  develop- 
ment throughout  the  whole  period  of  childhood.  They  cannot 
be  said  to  be  devoid  of  functions  at  this  age. 

The  only  cells  of  the  body  that  normally  attain  but  a  slight 
degree  of  differentiation  throughout  the  life  of  the  individual 
are  the  fibroblasts  of  the  connective  tissue.  This  absence  of 
differentiation  is  physiological  and  depends  on  the  fact  that  it 
is  one  of  their  principal  functions  to  react  at  once  to  every 
kind  of  injury  and  to  repair  as  soon  as  possible  every  loss  of 
substance  that  takes  place.  These  offices  can  be  most  effectively 
performed  by  cells  that  need  not,  so  to  speak,  waste  time  in 
adapting  themselves  to  altered  conditions  by  the  dedifferentia- 
tion  of  a  more  or  less  long-continued  series  of  divisions.  This 
is  why  the  degree  of  differentiation  of  fibroblasts  is  slight, 
enabling  them  to  respond  to  alterations  of  environment  at  once 
by  the  formation  of  the  kind  of  connective  tissue  matrix  which 
is  most  suitable  in  every  case. 

The  epithelia,  on  the  other  hand,  serve  to  protect  the 
subjacent  tissues  and  to  produce  specific  secretions.  They  are 
therefore  modified  to  such  an  extent  that  their  power  of  division 
is  completely  lost.  The  well-known  fact  has  been  alluded  to 
above  of  the  presence  of  less  specialised  germinal  cells  which 
replace  the  losses  incidental  to  wear  and  tear  and  to  pathological 
injury.  It  is  these  cells,  which  alone  have  retained  the  capacity 
to  divide,  and  to  give  rise  to  new  fully  differentiated  descendants, 
that  occasionally,  after  long-continued  division,  can  alone 
acquire  the  structure  which  becomes  recessive  during  the  normal 
development  of  the  part,  thereby  giving  rise  to  heterotopic  or 
metaplastic  forms  of  epithelium.  This  is  the  third  of  the 
possible  explanations  of  the  nature  of  the  changes  involved. 
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We  have  seen  tliat  the  evidence  is  insufficient  to  support  the 
others,  and  tliis  is  the  only  one  that  remains. 

I  conclude,  therefore,  that  the  metaplasias  of  epithelium 
are  caused  by  changes  that  are  set  up  in  the  normal  cells  of  the 
part  themselves,  cells  which  in  natural  conditions  would  have 
produced  nothing  but  nonnal  structures.  If  this  be  the  truth, 
then  a  metaplasia  is  nothing  more  than  a  form  of  regeneration. 

It  is  superfluous  to  dwell  on  the  enormous  differences 
that  obtain  between  the  lower  and  the  higher  animals  in  the 
extent  to  which  regeneration  can  take  place.  With  advancing 
specialisation  the  structure  of  the  tissues  becomes  more  and 
more  rigid  until,  as  Child  '^  (p.  267)  expresses  it,  "  in  the  adult 
vertebrates  the  capacity  for  regeneration  is  in  most  cases  so 
narrowly  limited  that  the  cells  of  one  tissue  arc  under  any 
known  conditions  incapable  of  giving  rise  to  other  tissues." 
One  of  the  reasons  why  regeneration  is  usually  so  imperfect  in 
man  lies  in  the  fact  that  it  is  the  fibroblasts  that  respond  to 
injury  much  more  rapidly  and  thoroughly  than  the  other  tissues 
are  able  to  do.  They  overgrow  them  and,  by  their  physiological 
contraction  during  their  differentiation  into  fibrous  tissue, 
impede  their  blood-supply  and  strangle  them.  But  many  kinds 
of  epithelium  possess  a  great  power  of  regeneration.  The  large 
nodules  which  are  commonly  seen  in  certain  forms  of  cirrhosis 
of  the  liver  consist  entirely  of  newly-formed  hepatic  cells. 
That  they  cannot  compensate  for  the  old  liver  cells  that  have 
been  lost,  depends  on  the  alteration  of  the  architecture  of  the 
organ  by  the  great  overgrowth  of  young  fibrous  tissue  which 
surrounds  the  nodules,  and  on  the  inability  of  the  young 
epithelial  cells  to  establish  normal  connections  with  the  blood- 
vessels and  efferent  bile  channels. 

The  fact  remains  that  some  of  the  specialised  tissues  even 
in  man  can  undergo  a  large  amount  of  regenerative  hyperplasia. 
The  aim  and  object  of  the  great  majority  of  regenerations  is 
the  replacement  of  tissue  that  has  been  lost.  The  regenerat- 
ing cells  therefore  give  rise  to  descendants  of  the  same  kind 
only. 

The  case  is  different  when  the  conditions  arc  altered  and  it 
becomes  advantageous  to  the  body  that  cells  of  another  kind 
be  produced.  1  have  stated  that,  apart  from  new  growths, 
metaplasias  are  found  only  in  subacute  and  chronic  inflamma- 
tions. The  conditions  that  appear  to  be  responsible  for  their 
occurrence  are  all  of  the  nature  of  irritants.  Thus,  the  respira- 
tory nuicous  membrane  of  the  nose  is  readily  replaced  by 
squamous  ej)ithelium  in  polypi  that  are  subjected  to  the  drying 
influence  of  the  air.     The  same  change  is  found   with  equal 
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frequency  in  the  cervix  and  body  of  the  uterus  when  these 
organs  are  inverted  and  prolapsed.  Cervical  polypi  are  the 
result  of  chronic  inflammations,  by  the  irritating  discharges  of 
■svhich  their  surface  is  constantly  bathed.  We  have  seen  that 
they  acquire  a  covering  of  tough  resistant  squamous  epithelium, 
which  is  the  form  ])cst  adapted  to  withstand  irritating  external 
stimuli.  The  whole  series  of  changes  involved  has  a  distinctly 
purposive  character. 

So  intimately  do  cause  and  elieet  appear  to  correspond  in 
these  cases,  that  I  believe  that  the  one  is  actually  responsible 
for  the  other.  It  is  quite  unnecessary  to  invoke  developmental 
anomalies  in  order  to  explain  the  changes,  unless  we  are  pre- 
pared to  admit  that  they  are  of  almost  universal  occurrence, 
an  assumption  totally  opposed  to  all  the  available  evidence. 

Objections  have  been  raised  to  the  possibility  of  the  occur- 
rence of  a  true  metaplasia  on  the  ground  that  it  has  never  been 
observed  in  normal  tissues.  But  we  clearly  have  no  right 
whatever  to  expect  to  find  it  in  them,  since  they  are  subjected 
to  normal  stimuli.  We  have  seen  that  during  development  the 
structure  of  a  tissue  depends  on  its  stimulation.  If  this  be 
normal,  the  kind  of  cell  that  results  will  be  so  too.  It  is  only 
when  the  stimuli  become  abnormal  that  a  heteroplasia  can  be 
produced.  The  difference  between  it  and  a  metaplasia  depends 
on  the  fact  that  the  former  is  a  differentiation  of  incompletely 
specialised  cells,  whereas  the  latter  depends  on  the  reappearance 
of  heterotopic  characters  in  a  tissue  which  has  already  acquired 
its  permanent  characters. 

This  difference  raises  the  question  :  Is  metaplasia  the  result 
of  a  dedifferentiation  of  the  germinal  cells  of  the  epithelium, 
or  is  it  developed  simply  in  response  to  altered  conditions? 
Tliat  it  is  not,  in  the  true  sense  of  the  word,  the  reacquisition 
of  a  character  that  has  been  lost  is,  I  think,  obvious.  Metaplasia 
is,  as  we  have  seen,  induced  more  readily  in  some  parts  of  the 
body  than  in  others,  its  frequency  varies  with  the  degree  of 
differentiation  of  the  cells,  and  it  is  always  associated  with 
long-continued  proliferation.  All  these  facts  point  to  dediffer- 
entiation. So  does  the  fact  that,  as  has  been  shown  by 
Schridde,''  the  basal  cells  of  a  squamous  epithelium  are  fibril- 
lated,  whereas  columnar  cells  are  not.  On  the  other  hand,  the 
same  observer  has  shown  that  the  goblet  cells  found  in  ectopia 
vesicae  retain  traces  of  fibrillation.  The  truth  appears  to  be 
that  the  potentiality  for  metaplasia  is  an  inherent  character  of 
certain  kinds  of  epithelium,  but  that  it  requires  a  varying 
amount  of  proliferation  and  dedifferentiation  for  its  development 
in  different  parts  of  the  body. 
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I  cannot  enter  into  the  question  of  the  occurrence  of 
dediffercntiation  in  general  in  the  higher  animals  and  in  man. 
It  is  one  for  biologists  to  settle,  and  has  been  very  ably 
advocated  by  Child  in  his  most  suggestive  Senescence  and 
Rejuvenescence. 

The  heteroplasias  of  development  and  the  metaplasias 
resulting  from  the  accidents  that  affect  the  finished  adult 
tissues  agree  in  that  they  depend  on  abnormal  stimulation, 
which  brings  out  and  makes  apparent  the  alternative  recessive 
characters  of  the  part. 

Conclusions. — (1)  The  recessive  tissue  character  reappears 
occasionally  at  every  time  of  life  as  a  result  of  chronic  inflam- 
mation. To  this  phenomenon  the  name  of  "  metaplasia  "  has 
been  applied. 

(2)  The  ease  and  frequenc}'  with  which  this  change  can 
occur  varies  within  wide  limits  in  different  situations.  They 
are  greatest  near  external  orifices  and  in  duets,  and  very  rare 
in  secreting  glandular  epithelium.  This  depends,  in  great  part, 
on  the  degree  of  differentiation  the  cells  have  undergone. 

(3)  Tliis  change  in  tlic  character  of  the  epithelium  is  always 
associated  with  a  marked  amount  of  proliferation  of  its  cells, 
and  is  to  be  regarded  as  a  form  of  regeneration. 

(4)  When  suitable  material  is  examined,  undifferentiated 
cells  arc  found  that  clearly  undergo  differentiation  in  two 
directions.  They  thereby  give  rise  to  cells  that  are  of  the 
type  that  is  dominant,  as  well  as  to  others  that  are  recessive 
for  the  part. 

(5)  The  e\idence  goes  to  prove  that  these  changes  take 
place  in  the  normal  germinal  cells  of  the  part. 

(6)  A  metaplasia  is  induced  by  the  action  of  abnormal 
stimuli  on  actively  proliferating  cells.  They  are  the  drying 
influence  of  exposure  to  air,  the  macerating  action  of  irritating 
discharges,  and  other  conditions  of  a  similar,  but  often  obscure, 
nature. 

(7)  These  euntlitions  are  most  frecpiently  to  be  found  near 
external  orifices.  The  relati\e  frequency  of  metaplasia  in  these 
situations  is  accounted  for  much  better  by  their  action  than 
by  the  assninjjtion  of  a  special  |)i{(lisj)()sif ion  of  the  cells  of 
these  parts. 

(8)  The  occurrence  of  metaplasias  shows  that,  at  the  j)ciio(l 
of  de\'eloj)ment  at  which  the  dominant  permanent  tissue 
character  is  ac(]uired.  the  alternative  recessive  character  is 
only  suppressed  and  not  utterly  lost. 
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Summary 

I  have  c(illectcd  these  anomahcs,  most  of  which  are  well 
known  to  pathologists,  since  they  are  characterised  by  the  fact 
that  they  are  essentially  anomalies  of  position.  They  are 
built  np  of  normal  cells,  combined  and  arranged  in  an  orderly 
manner  to  form  tissues  and  organs,  many  of  which  attain  to 
a  high  degree  of  perfection  of  structure.  I  have  named  them 
heteromorphoses,  a  designation  that  has  often  been  applied  to 
them  before. 

They  can  be  subdixided  according  to  the  time  of  life  of  the 
individual  at  which  they  have  taken  place,  and  to  the  amount 
and  degree  of  the  changes  in  the  cells  that  have  led  to  their 
formation.  The  classification  I  have  adopted  is  based  on  the 
period  of  their  inception ;  some,  such  as  the  epithelial  hetero- 
plasias,  have  been  produced  during  development,  others  at  a 
later  period  of  life. 

They  can  all  be  referred  to  anomalies  of  differentiation. 
These  may  be  abnormal  merely  in  extent;  in  excess  of  the 
degree  of  differentiation  characteristic  of  the  tissue.  Examples 
are  the  prosoplasias  of  epithelium,  and  the  differentiation  of 
embryonic  tissues  whose  usual  fate  it  is  to  be  absorbed.  Again, 
they  may  be  abnormal  in  the  direction  differentiation  has  taken ; 
a  tissue  results  which  is  not  usually  found  in  the  part  of  the 
body  implicated. 

Their  chief  interest  depends  on  the  light  they  shed  on 
growth  and  development.  They  suggest  that  differentiation  is, 
within  wide  limits  at  all  events,  the  result  of  stimulation  from 
without,  of  environment  in  fact.  When  this  is  normal,  differ- 
entiation will  inevitably  be  so  too;  when  cells  are  exposed  to 
abnormal  influences  they  will  as  inevitably  undergo  differentia- 
tion in  an  abnormal  direction. 

In  all  the  instances  that  have  been  considered  it  is  unneces- 
sary, if  not  wrong,  to  assume  an  inherent  vicious  predisposition 
of  the  cells,  until  all  the  numerous  possibilities  of  the  influence 
of  environment  have  been  exhausted.  We  are  only  beginning 
to  appreciate  how  great  these  are  from  the  work  of  the 
experimental  embryologists. 
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ASTLEY   COOPKH 

By  SIR  CHAPvTERS  SYMOXDS,  K.B.E.,  M.S.,  Consulting  Surgeon  to  Guy's 

Hospital. 

PART    II 

Lic;ature  of  the  Carotid  Artery 

Hunter  ligatured  the  carotid  artery  of  a  young  deer  in 
Ricliniond  Park  by  permission  of  the  King.  Pie  observed  that 
tlic  lialf-grown  antler  became  cold  and  that  growth  was  arrested. 
In  a  few  weeks  he  found  that  the  antler  had  again  become  warm 
and  was  growing.  On  dissecting  the  parts  later  on  he  dis- 
covered that  the  return  of  the  blood  supply,  and  consequently  the 
growth,  was  due  to  enlargement  of  the  anastomosing  vessels 
above  and  below  the  ligature. 

The  application  to  aneurysm  at  once  suggested  itself.  His 
confidence  in  his  conclusions  was  shown,  when  in  1785  he 
ligatured  the  femoral  artery  for  popliteal  aneurysm  with  success. 
Up  to  this  time  the  opening  up  of  the  sac  and  the  ligature  of 
the  vessel  above  and  below  had  been  attended  with  so  great  a 
mortality  that  many  surgeons  advocated  inniicdiatc  amputation. 
Thus  v/as  established  the  principle  of  ligature  some  distance 
above  the  sac.  Hunter  a  year  later,  in  making  a  comment  on 
this  epoch-making  operation,  says  that  "  in  future  I  would  use 
only  one  ligature." 

At  this  date  Astley  Cooper  was  in  his  lirst  year,  and  very 
soon  must  have  heard  of  the  operation  from  Cline.  It  was  for 
others  to  extend  the  application  of  the  principle  established  by 
Hunter,  and  with  this  object  Astley  Cooper  made  numerous 
experiments  on  all  tnmk  vessels,  especially  on  the  carotid 
arteries.  He  ligatured  these  vessels  singly,  and  later  in  succes- 
sion at  intervals,  and  then  botli  simultaneously  in  dogs,  without 
ill  effects.  Then  followed  ligature  of  the  vcrtebrals  alone  or 
in  association  witli  the  carotids.  Lastly  he  ligatured  both 
carotids  and  both  vcrtebrals,  acconiplisiiing  this  feat  in  half  an 
hour,  surely  a  tribute  to  his  technical  skill.  One  dog  survived, 
and  later,  being  killed  and  injected,  the  anastonuitie  circulation 
was  displayed. 

The  object   of  this   investigation   was   to  determine   which 

12<J 


130  ASTLEY   COOPER 

arteries  ^vere  most  essential  Tor  the  nourislniient  of  tlie  brain, 
as  well  as  to  in(]iiire  wlietlier  tliere  was  any  ground  for  the 
objection  that  enlargement  ol'  the  vessel  would  be  interfered  with 
by  tlie  bony  canals  through  which  the}^  passed.  To  make  the 
investigation  complete  he  ligatured  the  vagus  and  sympathetic 
nerves.  The  account  he  gives  of  this  investigation  in  the 
first  volume  of  the  Gui/s  Hospital  Rcportfi  shows  his  method  of 
research,  his  industry,  and  his  determination  to  arrive  at  the 
truth. 

It  was  these  experiments  that  brought  into  j)rominence  the 
fact  of  anastomatic  circulation. 

Now  came  the  opportunity  to  put  into  practice  on  the  human 
subject  the  ligature  of  the  carotid.  Astle\r  Cooper  was  well 
aware  of  the  general  view  that  the  brain  would  suffer  and  that 
many  would  condemn  the  attempt.  One  gathers  this  also  from 
Travers'  defence  of  the  operation  when  recording  his  own  case, 
the  second  to  be  performed.  Ikit  with  a  confidence  based,  as 
will  be  shown  later,  on  the  findings  of  morbid  anatomy  and  on 
experiment,  he  was  not  deterred,  and  was  prepared  to  encounter 
any  criticism.  The  first  operation  took  place  on  November 
1,  1805,  the  patient  being  a  woman,  aged  forty-four,  with  an 
aneurysm  of  the  right  carotid.  The  report  was  read  at  the  first 
meeting  of  the  newly  constituted  Medico-Chirurgical  Society 
oil  January  29,  1806. 

It  was  a  difficult  case,  for  the  aneurysm  occupied  two-thirds 
of  the  neck,  and  the  skin  over  the  most  prominent  part  was 
thin,  and  great  doubts  were  expressed  as  to  whether  there  was 
room  between  the  clavicle  and  the  sac  for  the  application  of  a 
ligature.  The  patient  sat  up  in  a  chair,  and  in  the  presence  of 
eight  siu'geons  and  visitors  two  ligatures  were  applied  about 
half  an  inch  apart,  being  the  greatest  distance  which  they  could 
be  separated.  "  I  thought  it  proper,"  he  writes,  "  not  to  run 
the  risk  of  haemorrhage  by  dividing  the  artery,  as  I  was  fearful 
the  ligatures  would  be  thrown  off  by  the  force  of  the  heart." 
There  was  no  immediate  hemiplegia,  and  thus  the  information 
gained  from  observation  and  experiment  was  confirmed.  On 
the  eighth  day,  however,  after  a  violent  fit  of  coughing  left 
hemiplegia  occurred.  From  what  we  have  learned  of  late,  this 
was  probably  due  to  the  separation  of  part  of  the  clot. 

The  ligatures  came  away  on  the  twelfth  day,  but  the  woman 
died  on  the  twentieth  day  from  suppuration  of  the  sac,  with 
pressure  on  the  larynx  and  pharynx.  The  carotid  was  found 
closed  "  by  the  adhesive  process,  and  by  a  clot  which  adhered 
strongly  to  its  coats."  The  neighbouring  structures  had  not 
suffered  any  injury.     Permission  to  examine  the  brain  could 
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not  be  obtained.  He  was  not  deterred  by  this  want  of  success, 
for  he  had  established  two  facts  :  first  that  "  the  carotid  may  be 
as  safely  tied  as  any  other  artery  in  the  body,"  and  secondly 
that  cereljral  injury  will  not  of  necessity  ensue.  He  writes 
that  the  failure  was  due  "  to  the  operation  being  too  long  deferred, 
and  that  it  will  not  prevent  my  performing  it  in  any  case  in 
which  the  disease  is  somewhat  less  advanced."  One  can  well 
imagine  the  remarks  that  would  be  made  by  his  critics. 

A  second  opportunity  came  on  June  22,  1808,  the  patient 
being  a  man  of  fifty  with  a  small  aneurysm,  probably  of  the 
internal  carotid.  After  securing  the  ligatures,  one  end  of  each 
was  carried  through  the  artery,  the  one  below  and  the  other 
above  the  site  of  the  ligatures,  and  again  tied.  The  vessel  was 
tiien  divided.  The  operation  was  performed  in  the  presence 
of  several  surgeons  and  visitors,  among  whom  was  the  Parisian 
surgeon,  Dubois.  The  case  was  described  before  the  Medico- 
Chirurgical  Society  on  February  21,  1809,  by  which  date  the 
tumour  had  disapjieared. 

In  commenting  on  this  case  he  sa3's  he  "  had  no  apprehensions 
of  the  functions  of  the  brain  sustaining  permanent  injury  from 
a  ligature  of  the  carotid  artery,  for  I  had  the  evidence  of  Dr. 
Haillie  to  prove  that  one  carotid  might  l)e  entirely  obstructed, 
and  the  diameter  of  the  otiicr  considerably  lessened  in  the  same 
person,  without  any  apparent  ill  effects.  1  have  also  given  a 
drawing  in  my  former  paper  of  the  left  carotid  being  obstructed 
by  the  pressure  of  an  aneurysm  of  the  aorta,"  and  he  then  refers 
to  his  experiments  on  dogs  "  many  years  ago,"  wliich  I  have 
already  referred  to. 

This  second  patient  died  in  1821,  thirteen  years  later,  from 
apoplexy,  and  Astley  Cooper,  taking  Key  and  his  assistants, 
went  after  his  evening  lecture  to  make  the  autopsy.  The 
arteries  were  injected  through  the  aorta,  and  the  preparation 
of  the  brain  is  figured  in  the  first  volume  of  the  Guifs  Hospital 
Reports.  The  common  carotid  was  ft)und  obliterated  in  its  whole 
extent.  To  indicate  the  views  jield  by  most  surgeons  of  the  day, 
and  to  emj)iiasisc  the  progressive  character  of  Astley  Cooper,  I 
may  quote  a  remark  by  Travers,  who  had  successfully  ligatured 
the  common  carotid  on  May  23,  1809.  In  reporting  the  case 
(Med.  Chir.  Tran^.,  II,  Noveml)er  1,  1809)  he  says,  "  It  is  worthy 
of  detail  on  two  accounts,  first  because  it  furnishes  a  second 
conclusive  example  of  the  safety  of  an  operation,  which  has 
been  eonnnonly  regarded  impracticable  or  injurious  to  the 
functions  of  the  sensorium ;  and  secondly  because  it  determines 
the  influence  which  by  the  ligature  of  the  carotid  trunk  we 
possess  over  the  diseased  condition  of  its  branches." 
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Ligature  of  the  External  Iliac  Artery 

This  operation  was  performed  on  June  22,  1808,  the  same 
day  as  the  second  case  of  Hgature  of  the  carotid.  Abernethy 
had  previously  hgaturcd  this  vessel  in  1796.  The  skin  over  the 
aneurysm  was  tense,  purple,  and  thin.  The  method  of  securing 
the  ligature  was  the  same  as  that  adopted  in  the  second  carotid 
case,  and  the  artery  was  divided.  The  man  died  in  1826, 
eighteen  years  later,  and  at  considerable  expense  and  trouble — 
for  he  lived  in  the  country — the  specimen  was  obtained  and 
injected.  A  full  description  is  given  in  the  first  volume  of  these 
Reports  with  coloured  illustrations,  and  the  dried  preparation 
is  preserved  in  our  Museum,  and  shows  very  beautifully  the 
anastomotic  circulation.  In  the  same  year  Aston  Key  tied  the 
external  iliac,  approaching  the  vessel  by  the  method  of  Cooper, 
but  using  a  single  ligature.  The  man  was  stout  and  the  resistance 
of  the  muscles  added  to  the  difiiculties. 

Ligature  of  the  Aorta 

Finally  comes  the  culmination  of  his  experiment  on  the 
ligation  of  vessels — the  ligation  of  the  aorta.  In  the  paper 
read  before  the  Medico-Chirurgical  Society  in  June  1811,  referring 
to  the  observations  and  experiments  leading  up  to  the  ligature 
of  the  carotid,  he  says,  "  Lastly,  I  was  anxious  to  ascertain  when 
even  the  aorta  was  tied  if  the  blood  would  still  find  its  course 
by  anastomosis."  This  he  had  demonstrated  two  years  before 
in  dogs.  "  During  last  winter,  assisted  by  Mr.  White  and  Mr. 
Dean,  two  of  our  most  promising  pupils,  I  repeated  the  experi- 
ments and  have  the  honour  of  showing  to  the  Society  the  aorta 
tied  and  divided,  the  animal  having  survived  the  experiment 
and  maintained  his  usual  health  !  "  In  Volume  II  of  the 
Transactions  there  is  a  coloured  illustration  of  the  injected 
specimen.  A  specimen  of  successful  ligature  of  the  aorta  in  a 
dog  will  be  found  in  the  Museum  at  Guy's  Hospital.  He  had 
thus  prepared  himself  for  such  an  operation  on  man  should  the 
occasion  arise,  and  it  came  six  years  later.  In  bringing  the  case 
before  the  Society  he  was  well  aware  that  criticism  would  arise 
just  as  it  did  in  the  case  of  the  carotid. 

"  I  fear  that  the  title  of  this  paper  may  impress  the  reader 
with  an  idea  that  nothing  could  justify  me  in  performing  the 
operation  which  I  am  aliout  to  describe,  for  that  a  ligature  made 
upon  tlie  aorta  must  necessarily  prove  fatal,  but  I  trust  that  it 
will  be  seen  in  this  sequel  that  the  operation  was  not  attended 
with  the  immediate  danger  whieli  might  have  been  apprehended  ; 
that  the  patient  complained  of  but  little  pain  during  the  per- 
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formance,  that  it  afforded  the  only  hope  of  safety,  and  that  we 
had  to  lament  not  that  the  operation  was  performed,  but  that 
it  had  not  been  sooner  done.  Sorry  indeed  should  I  1)c  to  sport 
with  the  life  of  a  fellow-creature  who  might  repose  a  confidence 
either  in  my  surgical  knowledge  or  my  humanity." 

The  case  was  that  of  a  man  of  thirty-eight,  admitted  May  9, 
1817,  with  an  iliac  aneurysm,  extending  from  3  to  i  inches  above 
Poupart's  ligament  to  an  equal  distance  below,  and  was  of  great 
magnitude.  A  sudden  enlargement  occurred  three  days  later, 
doubling  the  size,  and  a  further  increase  occurred  on  the  16th. 
On  the  20th  and  22nd  the  skin  gave  way  and  hicmorrhage 
occurred.  On  the  25th  profuse  bleeding  took  place,  but  happily 
Aston  Key  was  near  and  was  able  to  control  it,  but  tlie  exhaustion 
was  severe.  At  9  p.m.  Astley  Cooper  was  sunmioned,  and 
thinking  it  might  be  possible  to  secure  the  artery  through  the  sac, 
he  made  a  small  opening  and  introduced  his  finger,  only  to  find 
that  "  the  vessel  entered  the  sac  above  and  quitted  it  below 
without  there  being  any  intervening  portion  of  vessel."  Was 
the  man  to  be  left  to  his  fate  ?  It  was  clearly  in  Astley  Cooper's 
mind  that  he  might  be  called  upon  to  ligature  the  aorta,  and  this 
not  by  the  lateral  incision,  rendered  impossible  owing  to  the 
position  of  the  aneurysm,  but  by  some  other  route.  Two  days 
before  he  had  inquired  whether  there  were  any  bodies  in  the 
post-mortem  room,  and  finding  two,  he  proceeded  to  tie  the  aorta 
through  the  peritoneum,  using  a  small  opening.  The  "  pupil," 
who  records  this  observation,  says  that  it  was  found  difficult, 
and  evidently  Cooper  was  not  over-satisfied.  I  mention  this  to 
emphasise  the  dexterity  he  displayed  in  the  actual  operation. 
The  scene,  as  described  by  Astley  Cooper  himself,  is  dramatic. 

"  As  I  was  quitting  the  patient's  bedside  I  felt  great  regret 
in  which  all  tiic  students  by  whom  I  was  surrounded  joined  me, 
that  the  patient  should  be  left  to  perish  without  giving  him  the 
only  chance  which  rcnuiined  of  preventing  his  immediate 
dissolution  from  htrmorrhage  by  tying  the  aorta,  and  therefore 
said,  '  Gentlemen,  this  only  hope  of  safety  I  am  determined  to 
give  him.'  "  lie  therefore  in  his  usual  kindly  way  explained 
the  position  to  tlic  patient,  who  replied,  "  Sir,  I  leave  myself  in 
your  hands." 

"  A  three-inch  incision  skirting  the  umbilicus  was  made 
through  the  linea  alba ;  with  the  finger  the  peritoneum  was 
scratched  through  on  the  left  of  the  aorta,  and  worked  under 
the  vessel  to  the  right  and  again  through  the  peritoncimi.  The 
needle  carrying  the  long  silk  ligature  followed,  Aston  Key 
securing  the  silk  as  the  needle  was  withdrawn.  To  be  sure  of 
excluding  the  bowel,  the  ligature  before  being  tied  was  held 
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taut,  while  the  finger  was  passed  down  between  the  threads. 
The  onicntmn  was  ch-awn  behind  the  Hgature  to  facihtate 
adhesion,  and  the  knot  was  left  out  of  the  wound,"  One  can 
appreciate  the  surgeon's  gratification  on  going  to  the  bedside  at 
one  o'clock  next  day,  to  find  the  man  adjusting  the  bed-clothes, 
free  from  pain  and  cheerful.  Vomiting,  however,  ensued 
almost  at  once,  and  it  would  appear  from  the  clinical  notes  that 
the  patient  died  of  peritonitis,  though  at  the  inspection  made  in 
the  presence  of  Cooper,  Travers,  and  others,  "  not  the  least 
appearance  of  peritoneal  inflammation  existed."  Astley 
Cooper  knew  well  wdiat  these  appearances  w^ere,  for  he  often 
mentions  them  in  hernia.  The  man  lived  forty  hours,  the  right 
limb  recovered  its  warmth  and  sensation,  but  the  left  was  livid 
and  cold,  which  Cooper  attributed  to  the  pressure  of  the  aneurysm. 
The  ligature  had  closed  the  aorta  without  injury  to  any  neigh- 
bouring structure.  Accuracy  covdd  not  have  been  greater. 
There  was  a  clot  of  one  inch  above  the  ligature,  another  of  an 
inch  in  the  right  common  iliac,  and  of  three-quarters  of  an  inch  in 
the  left.  It  was  unfortunate  that,  as  in  the  carotid,  so  advanced 
a  case  should  have  presented  itself  for  a  first  attempt,  though  it 
serves  to  display  the  courage  of  the  surgeon  and  his  indifference 
to  criticism,  when  convinced  of  the  truth  of  his  conclusions. 

In  this  paper  he  discusses  the  question  of  ligature  generally, 
refers  to  the  suggestion  of  Law' rence  that  fine  silk  should  be  used 
and  cut  short,  and  to  the  introduction  of  catgut,  and  records 
the  successful  employment  of  this  material  on  the  popliteal 
artery  in  a  man  of  eighty.  It  w'as  prepared  by  soaking  in  water 
at  100°  F.  The  ends  of  the  ligature  were  cut  short,  and  primary 
union  resulted.  He  gives  his  reasons  for  using  this  material, 
and  in  his  cautious  way  says,  "  I  shall  give  the  result  of  the  trial 
I  have  made,  wishing  to  be  understood  that  I  consider  the  subject 
at  present  as  undecided,  and  only  as  one  for  future  investigation." 
Commenting  on  the  recovery  he  says,  "  The  case  gave  me  much 
pleasure,  and  the  rapid  recovery  leads  me  to  hope  that  the  opera- 
tion for  aneurysm  may  become,  at  some  future  period,  infinitely 
more  simple  than  it  has  been  rendered  to  the  present  moment." 
It  is  impossible  not  to  stand  for  a  moment  in  admiration  of  the 
man  who  could  conceive  and  carry  out  ligature  of  the  aorta, 
and  thus  arrest  the  circulation  in  the  lower  half  of  the  body. 
Astley  Cooper  had  by  pathological  observation  and  by  experi- 
ment convinced  himself  that  it  was  possible;  there  lacked  but 
one  fact,  that  of  an  instance  of  obstruction  of  the  abdominal 
aorta  from  disease.  He  recognised  that  approach  from  behind 
the  peritoneum  was  in  this  case  impossible,  and  well  knew  the 
added  risk  of  the  trans-peritoneal  route.      The  dexterity  and 
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the  accuracy  secured  could  not  have  been  equalled  by  any  other 
surgeon  of  the  time,  for  no  one  seems  to  have  pursued  the 
experimental  method  to  such  an  extent.  Moreover,  he  had,  as 
he  says,  contemplated  the  possibility,  and  no  doubt  had  intended 
to  proceed  by  the  post-peritoneal  route.  It  was  a  bold  decision 
to  run  the  risk  of  peritonitis  in  those  days. 

By  the  failure  he  was  undismayed.  The  circulation  in  one 
limb  had  so  far  recovered  as  to  justify  the  conclusion  that,  given 
a  less  extensive  disease  and  a  better  general  condition,  recovery 
would  have  followed. 

Dexterity  and  rapidity  counted  for  much  in  those  days,  and 
both  these  Astley  Cooper  possessed  in  a  degree  unequalled  by 
anyone,  qualities  the  outcome  of  his  many  operations  upon 
animals  and  his  knowledge  of  anatomy. 

The  operation  seems  to  have  been  repeated  by  two  others  in 
Astley  Cooper's  time,  by  James  of  Exeter  in  1829,  and  by  Murray 
in  183t,  who  took  the  post-peritoneai  route.  13oth  were 
unsuccessful.  The  survival  of  one  case  for  ten  days  in  1842, 
death  being  due  to  secondary  lurmorrhage,  justified  Cooper's 
confidence  as  to  the  circulation, 

PUBLICATIOXS 

Astley  Cooper  was,  like  Hunter,  in  no  hurry  to  publish  his 
work.  He  made  it  a  rule  never  to  make  any  statement  he  had 
not  verified  by  his  own  observation,  and  to  accomplish  this 
much  time  was  required,  besides  an  immense  amount  of  original 
investigation.  His  first  and  greatest  work  is  that  on  Hernia 
in  two  large  quarto  volumes.  The  first  part  was  issued  in 
1804  and  was  dedicated  to  his  "  Master  in  Surgery,  Mr.  Cline," 
to  whose  infiuenee  he  pays  a  warm  tribute.  The  second  part 
was  dedicated  in  1807  to  Monro  of  Edinburgh.  In  order  to 
keep  down  the  price.  Cooper  bore  the  whole  cost,  losing  a 
thousand  pounds  over  the  transaction,  I  have  referred  in 
the  first  part  of  this  essay  to  Cooper's  visit  to  the  northern 
capital  and  to  his  relations  with  the  great  anatomist.  I  shall 
later  on  give  some  extracts  from  this  work  and  will  only  repeat 
tliat  no  one  should  fail  to  make  acquaintance  with  these  volumes. 
The  Treatise  on  Dislocations  and  Fractures  appeared  in  1822 
and  went  through  several  editions;  the  sixth  was  published  in 
1829  and  was  translated  into  several  Continental  languages. 
Then  followed  the  Treatise  on  Diseases  of  the  Breast  in  1829, 
dedicated  to  Mr.  Harrison,  the  treasurer  of  Guy's  Hospital, 
and  in  the  following  year  that  on  the  Testis.  Two  years  later 
appeared   the  .inafonit/  of  the   Thymus  Gland,   and   finally,   in 
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ISIO,  at  the  age  of  seventy-two,  liis  work  on  the  Anatomy  of 
the  Breast  Avas  issued.  In  the  IblloAving  year  he  died.  This 
volume  is  dedicated  to  tlic  IMembcrs  of  the  Medical  Profession, 
wliom  lie  addresses  as  "  My  dear  Prethren."  He  expresses  his 
delight  in  observing  their  increased  love  for  the  science  of  the 
profession,  and  then  thanks  them  for  their  unwearied  kindness 
and  attention  during  a  period  of  fifty  years.  "  If,"  he  con- 
cludes, "  this  work  adds  anything  to  your  knowledge  of  the 
anatomy  of  the  breast,  I  shall  have  received  the  utmost  and 
only  reward  which  I  am  anxious  to  obtain  by  its  publication." 
It  was  the  swan  song  of  a  great  teacher  ! 

Besides  these  large  works,  he  published  many  papers  in 
the  Guy^s  Reports  and  in  the  Transactions  of  the  Medico-iliirur- 
gical  Society.  His  surgical  lectures  were  first  published  in 
the  Lancet  in  1823-1824,  and  as  this  was  the  first  time  such  a 
record  had  been  published  by  a  medical  journal,  much  com- 
ment was  aroused.  Cooper  was  charged  with  advertising 
Iiimself. 

Later  the  lectures  were  issued  in  a  small  volume,  winch  Avas 
no  doubt  tlic  text-book  of  the  day  and  was  widely  read  at 
home  and  in  America,  where  many  of  his  pupils  were  in  prac- 
tice. There  are  in  the  library  of  the  College  of  Surgeons  several 
manuscript  copies  of  the  lectures,  and  of  those  that  have  been 
printed  the  best  is  that  by  his  old  apprentice  Tyrrell,  who 
became  surgeon  to  St.  Thomas's  Hospital.  Tyrrell's  edition 
of  Cooper's  lectures  will  well  bear  perusal,  for  therein  will  be 
found  many  observations  and  methods  which,  forgotten  for 
years,  have  been  in  later  times  considered  as  novel.*  Let  us 
take,  for  instance,  his  method  of  amputation  at  the  Iiip  joint. 
'^  It  is,"  he  says,  "  decidedly  the  best  plan  to  secure  the  femoral 
artery  at  Poupart's  ligament  as  the  first  step  in  the  operation  "  ; 
and  again  he  says,  "  I  am  of  opinion  that  in  every  case  in  which 
the  amputation  can  be  performed  by  sawing  through  the  bone 
below  the  attachment  of  the  capsular  ligament,  that  it  should 
be  done  in  preference  to  opening  the  joint."  The  first  of  these 
methods  has  of  late  years  become  the  established  practice, 
while  the  wisdom  of  the  second  has  been  amply  confirmed. 

One  of  tlie  most  valuable  lectures  is  that  on  the  treatment 
of  compound  fractures  of  the  ankle  joint,  in  which  he  advocates 
the  preservation  of  the  limb.  He  describes  fully  the  removal 
of  every  particle  of  dirt,  of  all  loose  pieces  of  bone,  enlarging 
the  Avound  Avheii  necessary,  and  occasionally  remoAnng  a  portion 

*  The  edition  is  in  throe  volumes,  the  first  pul)lished.  in  1824,  the  seeond  in 
the  following  year,  and  the  third  in  1827.  The  chapter  on  hernia  might,  with 
one  omission — the  use  of  the  tobacco  clyster — be  set  in  a  modern  text-book. 
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of  the  tibia  or  astragalus.  A  case  is  related  as  occurring  in 
1797,  in  Avhicli,  besides  the  dislocation,  the  astragalus  was 
broken  into  many  pieces,  several  of  which,  being  detached, 
were  removed.  The  wound  was  covered  with  lint,  soaked  in 
the  patient's  blood.  In  nine  months  he  returned  to  his 
employment. 

Amputation  was,  I  believe,  the  common  praetieo  ]'(ir  sueii 
injuries  up  to  1880,  except  in  the  hands  of  the  few  Avho  followed 
Lister,  so  that  w^e  had  retrograded  from  Sir  Astley's  time. 
I  well  remember  my  own  satisfaction  at  the  rapid  recf)vcry 
after  such  an  injury  in  1883,  and  it  was  then  considered 
something  of  a  novelty. 

Strangulated  Hernia 

From  the  lecture  on  strangulated  hernia  a  few  extracts  will 
show  how  far  he  had  advanced.  To  obtain  a  more  complete 
knowledge  the  original  publication  should  be  consulted,  not 
only  on  account  of  the  sound  practice  advised,  but  also  for 
the  life-sized  illustrations  of  the  anatomy  of  the  parts  con- 
cerned and  of  the  morbid  conditions.  When  one  recalls  tlie 
practice  in  1874,  when  the  writer  first  entered  the  wards,  taxis 
being  the  routine,  it  is  with  no  little  astonishment  tliat  one 
reads  the  following :  "  Very  frequently  much  time  is  lost 
before  an  operation  is  performed;  and  too  much  caiuiot  be 
said  in  condemnation  of  such  practice.  The  patient  is  sub- 
mitted again  and  again  to  the  taxis,  and  the  swelling  is  rendered 
extremely  tender  by  being  so  often  compressed  in  tJie  ]ioj)e  of 
avoiding  an  operation,  until  at  length  the  raj)id  increase  of 
the  symptoms  point  out  the  iiupropriety  of  such  delay,  and 
an  operation  is  performed  when  but  little  prospect  of  success 
remains." 

Again  he  writes  :  "  The  cause  of  a  person  dying  after  ()])era- 
tion  is  not  to  be  attributed  to  the  operation,  but  to  the  degree 
of  mischief  which  has  taken  place  previously  to  its  being 
performed."  And  yet  fifty  years  and  longer  after  this  was 
written  the  operation  was  considered  so  dangerous  that  medical 
men  delayed  sending  up  the  cases,  the  patients  refused  oj^eration, 
and  the  senior  surgeons  of  1870  to  1880  often  ac(piii'seed  in  a 
delay  wdiich  proved  fatal.  Even  in  1882,  when  the  writer 
was  first  called  to  operate  for  strangulated  hernia,  and  con\inced 
of  the  safety  of  the  antiseptic  methods,  he  was  one  of  ten  who 
failed  to  persuade  a  patient  to  submit  to  operation,  ;iiid  in 
private  tiie  struggle  was  sometimes  equally  great. 

In  referring  to  four  fatal  cases  of  femoral  hernia,  he  writes  : 
"  These  four  cases  point  out  the  danger  of  delay,  and  so  strongly 
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am  I  impressed  with  this  bcHef,  that  if  I  myself  were  the  subject 
of  strangulated  hernia,  I  should  only  try  the  effect  of  the  tobacco 
clysters,  and  if  they  did  not  succeed,  would  have  the  operation 
performed  in  twelve  hours  from  the  assession  of  sjaiiptoms. 

"  ]My  mode  of  avoiding  injury  to  the  epigastric  or  obturator 
arteries,  is  to  make  a  very  slight  division  of  the  stricture  with 
the  knife:  and  then  by  pressure  of  the  fmger  or  of  a  director, 
to  enlarge  the  opening." 

This  is  a  sound  jiracticc  and  Avill,  as  he  says,  always  avoid 
injury  to  the  artery.  The  too  free  use  of  the  hernia  knife  has 
been  responsible  for  the  accident.  To  avoid  this  a  flat  director 
carrying  a  sharp  ridge  Avas  at  one  time  in  use,  but  Cooper's 
method  is  superior.  Indeed  less  is  sufTicicnt.  The  writer, 
called  to  a  strangulated  femoral  hernia  in  private,  was  aghast 
to  discover  that  he  had  omitted  to  take  his  hernia  knife.  Not 
allowing  this  to  be  suspected  as  an  omission,  he  used  the  blade 
of  a  pair  of  detachable  scissors,  and  with  such  success  that  the 
hernia  knife  was  in  future  abandoned  as  an  unnecessary  instru- 
ment. After  nicking  the  stricture  the  gap  was  stretched  by  a 
director.  Had  Astley  Cooper's  practice  been  known,  probably 
the  knife  would  never  have  been  used. 

Cooper  always  opened  the  sac,  and  directs  that  the  opening 
be  made  at  the  lower  part,  because  the  bowel  does  not  often  reach 
so  far.  He  held  that  the  constricting  cause  was  outside  the 
sac  at  the  external  or  internal  ring.  Yet  he  says  that  if  division 
external  to  the  sac  does  not  succeed,  the  knife  must  be  passed 
inside.  "  As  to  what  has  been  said  by  surgeons  of  stricture 
being  formed  by  a  thickening  of  the  orifice  of  the  sac,"  he 
writes,  "  I  shall  have  occasion  to  show  that  the  stricture  is 
not  in  the  sac,  as  has  been  supposed,  but  in  another  part 
external  to  it;  at  the  same  time,  however,  I  would  not  be 
understood  to  deny  altogether  this  alteration  in  the  mouth  of 
the  sac,  nor  to  state  my  belief  founded  on  dissection  that  it  is 
a  rare  occurrence." 

On  the  question  of  the  management  of  gangrenous  bowel, 
and  especially  of  resection  and  suture,  he  writes  very  fully, 
and  describes  a  series  of  experiments  carried  out  on  dogs.  He 
mentions  the  danger  of  placing  sutures  in  the  injured  bowel, 
and  advocates  a  free  removal  to  reach  healthy  tissue.  Three 
sutures  of  silk  were  used,  the  ends  being  left  out  of  the  abdomen, 
and  he  particularly  states  that  one  should  be  at  the  mesenteric 
border. 

In  one  successful  resection  on  a  dog  "  a  cylinder  of  isinglass 
was  introduced  into  the  bowel  and  three  sutures  were  made 
upon  it.     In  three  days  the  animal  had  regular  stools.     On 
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the  sixteenth  day  he  was  killed  and  the  united  portion  of  the 
intestine  shown  to  the  students."  In  the  next  experiniont  he 
omitted  the  isinglass  cylinder  because  it  was  compressed  by 
the  bowel.  This  would  ajjpear  to  be  the  earliest  employment 
of  a  bobbin,  which  was  in  vogue  for  a  brief  period  some  fifteen 
years  ago. 

Then  he  discusses  the  merits  of  longitudinal  and  transverse 
suture,  and  to  produce  a  condition  more  resembling  strangulated 
intestine  he  allowed  a  loop  of  bowel  to  protrude  from  an 
abdominal  incision  for  some  time  before  operating. 

Comparative  Axato:my 

In  June  1813  Astley  Cooper  was  called  upon  to  deliver  the 
course  of  lectures  in  Comparative  Anatomy,  established  at 
the  College  of  Surgeons  under  the  agreement  with  the  Govern- 
ment M'hen  Hunter's  Museum  was  handed  over  to  the  College. 
He  would  have  preferred  the  associated  lectureship  on  Surgery, 
but  this  was  allotted  to  Aberncthy,  He  undertook  the  task 
with  some  reluctance,  partly  because  he  was  already  fully 
occupied,  and  partly  because  he  did  not  feel  qualified  to  deal 
adequately  with  the  subject.  He  Avas  still  lecturing  on  Anatomy 
and  Surgery  at  St.  Thomas's  and  Guy's,  was  surgeon  to  the 
hospital  with  its  attendant  clinical  teaching,  and  besides  was 
at  the  height  of  his  practice,  for  it  was  in  this  year  that  his 
income  reached  the  unprecedented  figure  of  £21,000. 

As  to  his  qualifications,  it  must  be  said  that  comparative 
anatomy  in  his  scheme  of  things  took  a  subsidiary  place.  It  is 
true  he  dissected  over  many  years  the  dead  animals  from  the 
menagerie  at  the  ToAver,  including  the  famous  elephant,  and 
it  was  known  amongst  butchers,  fishmongers,  and  birdsellers 
that  there  was  a  ready  market  for  anything  unusual  in  Jeffries 
Square.  Besides  this,  Astley  Cooper  had  from  his  earliest  years 
in  London  conducted  experiments  on  animals  as  part  of 
physiological  research.  He  was  no  doubt  prepared  to  discuss 
the  comparative  anatomy  and  physiology  of  the  thymus  or 
the  thyroid  glands  so  far  as  they  were  known.  It  was  his 
practice  to  devote  three  or  four  lectures  at  the  end  of  the  course 
in  anatomy  to  the  structure  of  the  lower  animals,  and  to 
illustrate  these  lectures  by  preparations,  many  of  them  beauti- 
fully prepared  and  injected,  as  may  be  seen  from  the  examples 
in  our  Guy's  Museum  and  at  the  College  of  Surgeons.  Still,  as  I 
have  said,  the  subject  had  with  him  a  secondary  position.  The 
anatomist  and  physiologist  sought  amongst  the  lower  animals 
for  light  to  unravel  the  more  complicated  meaning  and  action 
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of  tlic  human  niachinc,  and  ever  and  always  it  was  the  surgeon 
calhng  to  lower  life  for  information,  guidance,  and  help  in  the 
oroatest  work  of  all,  the  explanation  of  life  and  the  alleviation 
of  himian  suffering.     Notwithstanding  these  misgivings,  he  felt 
it  a  duty  to  undertake  the  lectureship.     There  was  no  one  else 
the   Council  could  ask,  for   Blizzard  and   Home  had  already 
delivered  the  lectures.     Astlc}^  Cooper  determined  to  see  what 
industry  could   do.     He   had   always  worked   on  independent 
lines,   and  knew  little  of  the  work  of  others,  except  that  of 
Hunter  and  his  English  colleagues.     There  were  nine  months 
in  which  to  prepare  a  course  of  twenty-four  lectures,  and  with 
characteristic  energy  he  set  to  work,  with  the  aid  of  his  assist- 
ants, to  dissect  iishes  and  animals,  and  perform  what  experi- 
ments   were    required.     He    dispatched    his    nephew   and    one 
assistant  to  Weymouth,   having  heard  that  rare  and  curious 
fish  were  brought  by  the  traAvlcrs.     Sj^ecimens  were  partially 
dissected  and  sent  to  London  in  spirit  and  then  prepared.     To 
accomplish  this   work   without   diminishing  that  in   which   he 
was  already  engaged,  he  rose  at  4  a.m.  and  dissected  by  candle- 
light till  eight  o'clock,  M'hen  he  began  his  usual  day's  work, 
which  kept  him  busy  till  midnight,  for  many  visits  were  made 
after  dinner.     The  lectures  in  March  1814  were  cut  short  by 
the  death  of  his  adopted  daughter.     In  1815  he  gave  fifteen 
lectures,  largely  on  digestion,  and  according  to  Clift  the  attend- 
ance   never    fell    below    300.     Clift    says    specimens    came    in 
coach-loads    and    were    well    prepared    and    injected.     Astley 
Cooper,  commenting  upon  the  result,   remarks  that  he  could 
have  done  mueli  better  and  had  larger  audiences  had  the  subject 
been  Surgery.     He  had  fulfilled  the  task,  but  at  a  cost,  for  it 
AVas  after  this  great  effort  that  signs  of  the  vascular  changes, 
which  ultimately  led  to  his  death,  first  made  their  appearance. 
I  cannot  believe  that  Astley  Cooper  undertook  these  lectures 
from  the  notoriety  he  might  gain  as  Hunterian  Professor,  but 
rather  out  of  a  sense  of  duty  antl  a  regard  for  the  Council's 
request. 

It  was  in  these  lectures  that  he  wrote  the  names  of  some 
of  his  friends  on  pieces  of  Ijone  covered  Avith  a  material  imper- 
vious to  the  gastric  juice.  These  having  been  swallowed  by 
dogs  and  withdrawn  after  an  interval,  the  letters  were  found 
sunk  in  the  bone.  He  reversed  the  proceeding,  when  the  letters 
stood  out  from  the  surface.  The  Museum  at  Guy's  contained, 
when  the  Avriter  was  a  student,  a  large  number  of  Astley  Cooper's 
preparations.  There  were  fine  injections  of  the  lymphatics  of 
the  testis  and  epididymis  with  quicksilver.  Very  few  of  these 
now  remain.     There  are  some  of  the  thymus  and  thyroid,  and 
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the  lymphatics  of  the  breast  in  the  Museum  ol"  the  College  of 
Surgeons,  and  a  few  remain  at  St.  Thomas's. 

The  skeleton  of  an  elephant  still  occupies  a  place  in  the 
Guy's  Museum,  attached  to  which  is  an  interesting  history. 
The  creature  was  one  of  the  attractions  at  the  menagerie  in 
the  Tower.  On  its  death  the  carcase  was  with  no  little  diffi- 
culty conveyed  through  the  front  gates  in  Jeffries  Square,  but 
it  was  found  impossible  to  get  it  into  the  outbuilding  used  as 
a  dissecting  room.  It  was  left  in  a  corner  of  the  yard,  a  piece 
of  carpet  being  hung  over  the  railings  to  exclude  the  gazing 
crowd,  and  here  the  dissection  went  on.  Every  organ  was 
examined  and  the  skeleton  preserved  and  articulated.  Some  of 
the  students  assisted  him  with  the  heavier  parts  of  the  work. 
The  ribs  of  this  elephant  seem  to  have  been  broken  in  many 
places,  and  united  by  what  looks  like  external  callus  only. 
These  fractures  presumably  were  due  to  the  keepers'  attentions. 

The  Operatiox  on  King  George  IX. 

In  undertaking  the  operation  on  King  George  IV.,  Astley 
C"()()j)er  was  placed  in  an  awkward  position.  It  was  through 
the  Prime  Minister,  Lord  Liverpool,  whom  Cooper  had  attended, 
that  his  fame  as  an  operator  had  become  known  to  the  King. 
Together  with  Sir  Everard  Home  and  Sir  Pcnjamin  Brodie 
he  went  to  Windsor.  The  sebaceous  cyst  on  the  scalp  of  the 
King  was  then  inflamed,  and  it  was  deemed  wise  to  delay 
removal. 

In  the  spring  of  1821  Astley  Cooper  was  summoned  to 
Brighton  to  see  His  Majesty.  About  one  o'clock  in  the  morning 
the  King  came  into  Cooper's  room  and  asked  him  to  remove 
the  cyst  there  and  then,  saying,  "I  am  now  ready  and  wish 
you  to  remove  this  thing  from  my  head."  The  risks  and  the 
importance  of  his  life  were  pointed  out  to  him,  and  Cooper 
urged  moreover  that  before  consenting  he  would  like  the 
opinion  of  Mr.  Cline.  The  King  replied,  "  This  is  the  second 
time  I  have  been  disappointed,  and  I  will  have  it  removed 
when  I  come  to  town."  Astley  Cooper  went  to  the  Prime 
Minister,  and  requested  him  to  persuade  the  King  to  let  Sir 
E.  Hornc  do  the  operation,  as  he  was  Serjeant  Surgeon,  from 
which  it  will  be  seen  that  Cooper  was  averse  from  doing  it. 
Home  wrote  to  Cooper  that  he  proposed  operating  on  the 
Wednesday,  and  there  gathered  in  consultation  Hornc,  Halford, 
Tierney,  Cline,  Brodie,  and  Cooper.  Cline  said,  "  Who  is  to 
do  the  operation?"  Cooper  replied,  "Sir  Everard."  Sir 
Henry  Halford  was  called  out  of  the  room,  and  on  returning 
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said  to  Astley  Cooper,  "'  You  arc  to  do  the  operation."  Having 
come  unprepared,  he  borrowed  instruments  from  Ilorne. 
Almost  immediately  the  King  entered.  The  cyst  did  not  turn 
out  as  was  hoped.  Tor  it  was  adherent  to  the  skin  and  required 
a  good  deal  of  dissection.  Astley  Cooper  having  completed 
one  half,  passed  the  scalpel  to  Cline.  who  was  assisting.  Clinc 
then  removed  the  other  hall'. 

On  Saturday,  while  Astley  Cooper  was  at  work  with  one 
of  his  assistants,  an  urgent  message  arrived  to  say  the  King 
was  in  great  pain.  Ct)oper,  turning  to  his  assistant,  said  he 
feared  erysipelas,  as  this  was  just  the  time  for  its  onset.  On 
his  arrival  at  the  palace  the  King  said  to  him,  "  I  have  not 
slept  all  night.  My  head  is  sore  all  over."  As  may  be  imagined, 
Cooper  had  an  anxious  day,  but  on  calling  next  morning  he 
found  the  King  with  an  attack  of  acute  gout  in  the  foot,  and 
after  this  all  went  well. 

No  doubt  Astley  Cooper  felt  that  a  disaster  would  seriously 
affect  his  position,  and  for  this  reason  was  particularly  insistent 
that  Cline  should  be  present,  for  he  writes  :  "  Mr.  Cline,  the 
world  would  say,  would  not  advise  anything  without  due 
consideration,  and  from  my  long  knowledge  of  him,  I  should 
like  him  to  assist  me,  and  he  would  not  object  to  bear  a  part 
of  the  onus  under  any  circumstances." 

Later  on  he  became  Serjeant  Surgeon  and  enjoyed  a  similar 
favour  under  the  next  Sovereign.  The  King  himself  spoke  of 
the  honour  of  a  baronetcy,  which  the  Prime  Minister  proposed 
to  confer  on  him.  Astley  Cooper  replied  that,  as  he  had  no 
son,  such  a  distinction  would  be  of  more  value  if  it  could  pass 
on  his  death  to  his  nephew  whom  he  had  adopted.  "  Then 
I'et  it  be  made  out  as  you  wish,"  was  His  Majesty's  reply. 

The  whole  story  very  well  illustrates  the  surgery  of  the 
time,  with  the  dangers  attending  even  simple  operations,  and 
also  Astley  Cooper's  reluctance  to  undertake  the  responsibility. 
He  had  had  an  attack  of  giddiness  in  the  presence  of  a  dis- 
tinguished f)atient,  and  the  fear  of  a  recurrence  on  such  an 
important  occasion  added  to  his  anxieties. 


Astley  Cooper  and  Medical  Societies 

I  have  referred  to  the  active  part  Astley  Cooper  took  in 
the  discussions  at  the  Guy's  Physical  Society,  and  the  educative 
value  he  attached  to  such  gatherings.  Recognising  that  the 
discussions  were  too  advanced  for  the  ordinary  pupils,  he 
established  a  society  for  the  apprentices  and  pupils  of  the 
two  hospitals,   which  existed  for  several  years.     One  volume 
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of  papers  was  issued,  and  in  this  appears  the  Ih-st  pubHeatiou 
by  Astley  Cooper  in  1798.  He  reeords  a  ease  of  stranguhited 
diaphragniatie  hernia,  in  whieh  a  part  of  tlie  abdominal  viscera 
was  protruded  into  the  cavity  of  the  chest.  This  condition 
was  found  in  the  body  of  a  female  in  the  dissecting  room.  With 
infinite  trouble  he  traced  the  clinical  history,  and  found  that 
she  had  been  subject  to  sudden  attacks  of  pain  and  vomiting, 
in  the  last  of  which  she  died  after  four  days'  illness.  After 
discussing  the  cause  of  the  aperture  in  tlie  diaphragm  and 
referring  to  cases  published  by  Morgagni  and  others,  he  con- 
cludes that  it  was  a  malformation. 

The  successor  to  this  students'  society  was  the  "  Clinical 
Report  Society,"  and  it  is  of  interest  to  note  that  it  was 
flourishing  when  Sir  Samuel  Wilks  was  a  student.  In  his 
Bioiiraphical  Reminiscences  he  thus  refers  to  it  :  "  During  my 
studentship  I  was  a  member  of  the  Clinical  Report  Society. 
This  was  a  voluntary  association  of  students,  who  in  the  third 
and  fourtli  year  of  tiieir  pupilage  joined  together  for  the  purpose 
of  more  thoroughly  studying  the  eases  in  the  wards,  and  so 
elevated  themselves  above  those  who  were  "  walking  the 
hospitals  "  to  use  the  expression  of  the  time.  The  members 
of  the  Society  met  once  a  week,  and  at  the  end  of  every  half 
year  a  report  was  drawn  up  by  the  Secretary,  there  being  one 
on  the  medical  and  another  on  the  surgical  side."' 

The  foundation  of  the  Medical  Society  in  1773  drew  ol'f 
many  from  the  Physical  Society.  The  meetings  were  held  in 
Bolt  Court,  C'ornhill,  at  a  time  when  there  Mas  a  large  resident 
population  and  in  consequence  many  medical  men  in  the  city. 
Though  the  C  liiiieal  Report  Society  still  survived  in  1853,  when 
Sir  Sannicl  Wilks  was  a  member,  the  Pliysical  Society  soon 
became  more  a  students"  society  and  tluis  linally  took  its  place. 

In  1808  tlie  Medico-Chirurgical  Society  was  founded. 
Astley  t'oopt-r  became  the  first  treasurer.  To  the  Transactions 
he  eomnumieated  many  \ahial)le  papers,  Ihr  lirst  volume 
containing  an  account  of  his  hnatui-e  of  tiic  cai-olid. 

Thus  wc  see  that  hi-  recognised  the  vahje  t)f  such  personal 
association  and  t)f  submitting  his  opinions  to  the  criticism  of 
others.     On  the  same  sul)jeet  Osier  wrote  : 

'"  Xo  class  of  men  needs  IVielion  so  nuicli  as  jilivsicians ; 
no  class  gets  less.  The  daily  round  of  a  busy  practitioner  tends 
to  de\elop  an  egoism  of  a  most  intense  kind  to  which  there  is 
no  antidote.  The  lew  sets-back  are  forgotten,  the  mistakes 
are  ol'teii  buried  ten  years  of  successful  woi-I<  tend  to  make 
a  man  touchy,  dogmatic,  intolirant  of  eorreetion.  and  aboniin- 
al)ly  self-centred.      To  this  mental  attitude  the  Meiheal  Soeietv 
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is  tlic  best  correct i\e,  and  a  man  misses  a  good  part  of  his 
education  who  does  not  get  knocked  about  a  bit  by  his 
colleagues  in  tliscussions  and  criticisms." 


AsTLEY    COOI'KH    AS    AX    ExAMIXER 

In  18*2*2,  at  the  age  oi'  forty-four,  Astlcy  Cooper  was  elected 
to  the  Court  of  Examiners  at  the  College  of  Surgeons,  an  office 
which  afforded  him  no  little  gratification,  not  only  on  account 
of  the  honour  of  such  a  position,  but  also  for  the  opportunity 
it  afforded  him  of  employing  himself  to  the  advantage  of  the 
public  in  testing  the  ediciency  of  the  candidates, 

lie  considered  the  honour  of  the  College  demanded  the  most 
careful  discharge  of  the  duties,  that  it  might  hold  a  foremost 
place  amongst  our  national  institutions. 

His  biographer,  who  was  for  some  time  a  co-examiner, 
relates  that  he  gave  much  thought  to  the  form  the  examinations 
should  take,  in  order  to  convince  himself  that  the  candidate 
had  legitimately  acquired  his  knowledge  and  not  merely 
crammed.  lie  showed  much  consideration  and  kindness  of 
maimer,  and  was  scrupulously  fair  in  his  cjucstions. 

Later,  when  as  President  it  became  his  duty  to  reject 
candidates,  "  he  found  it  a  painful  task,  and  mingled  his  dis- 
ajiprobation  with  friendly  advice  and  encouragement.  And 
not  only  thus  did  he  endeavour  to  assuage  the  disappointment, 
but  he  frequently  wrote  to  the  parents  explaining  the  cir- 
cumstances, so  as  to  mitigate  their  regret,  and  assure  them 
that  a  few  weeks'  further  study  would  no  doubt  secure  the 
coveted  diploma  for  their  son."  These  letters  were  written 
concerning  those  of  whom  he  knew  nothing,  as  well  as  the 
pupils  from  his  own  school. 

The  following  comment  suggests  that  he  was  not  over- 
pleased  with  sonic  of  the  older  examiners.  It  must  be  recol- 
lected that  there  was  no  time  limit  as  exists  now,  and  that 
some  examiners  continued  long  after  they  had  ceased  to  learn 
themselves. 

"  A  man  who  is  a  member  of  that  Court  (the  Council  of 
the  College  of  Surgeons)  must  continue  to  study.  It  is  not 
enough  for  him  to  say,  '  Now  that  I  am  highly  qualified  in 
the  profession,  I  have  nothing  more  to  learn.'  It  is  his  duty 
to  learn  every  day  in  his  life,  and  if  he  does  not  keep  up  his 
knowledge,  the  boys  will  consider  him,  and  treat  him,  as  an 
examiner,  with  cfjntempt, 

"  Whenever  a  man  is  too  old  to  study,  he  is  too  old  to  be 
an  examiner;    and  if  I  laid  my  head  upon  my  pillow  at  night, 
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without  having  dissected  something  in  tlic  day,  I  should  think 
that  I  liad  lost  that  day.  I  do  think  a  man  must  keep  up 
his  knowledge  to  the  last." 

ACKXOWLEDGMEXT    OF    THE    WoRK    OF    OtHERS 

Astley  Cooper  was  a  man  who  spokc^  fearlessly,  and  no 
doubt  offended  not  a  few  of  his  contemporaries.  He  was 
accused  by  Charles  Bell  of  adopting  as  his  own  the  observations 
of  others,  and  this  distinguished  surgeon  devoted  a  long  lecture, 
given  at  the  Windmill  School,  to  condemn  the  iniquities  of 
Astley  Cooper  in  this  respect.  He  referred  particularh'  to 
his  observations  on  fracture  of  the  neck  of  the  femur,  claiming 
these  as  the  original  work  of  his  brother  John  and  himself. 
The  truth  no  doubt  is  that  all  three  had  been  working  on  the 
same  subject  and  had  arrived  at  very  similar  conclusions. 

Cooper  made  no  reply  to  this  attack,  but  contented  himself 
with  a  reference  to  it  in  the  introduction  to  one  of  his  publica- 
tions, in  which  he  disclaims  any  intention  of  borrowing  the 
labours  of  others  and  rejoices  in  the  rise  of  the  younger  men. 

He  frankly  acknowledges  that  he  relied  upon  his  own 
observations,  for  the  teaching  was  vague  and  traditional.  He 
felt  that  progress  could  alone  be  made  l)y  indi^•idual  research, 
and  was  prepared,  like  Hunter,  to  find  himself  in  opposition  to 
the  received  opinions. 

In  the  introduction  to  his  work  on  Hernia,  he  says,  "  I  have 
almost  uniformly  in  the  following  work  avoided  quoting  the 
opinion  of  authors  on  this  part  of  surgery.  This  I  have  done, 
not  from  any  wish  to  under\alue  the  labours  of  some  of  the 
most  excellent  physiologists  and  practitioners  that  ha^■e 
adorned  our  profession,  but  because  it  did  not  form  part  of 
my  plan  to  give  a  history  of  this  branch  of  surgery,  and  because 
I  wished  to  confine  myself  to  the  very  wide  scene  of  observa- 
tions afforded  by  the  two  noble  institutions  of  St.  Thomas's 
and  (iuy's  HosjMtals  and  to  that  portion  of  the  practice  of 
the  metropolis  which  I  have  personally  been  able  to  autlicnticatc. 
1  ha\c  therefore  related  no  case,  and  gi\'en  no  remark  to  the 
truth  of  which  I  camiot  vouch." 

It  is  with  no  stint  that  he  acknowledges  his  debt  to  Hunter. 
"He  was  a  man,"  he  writes,  "  wjio  tliouglit  lor  hiinscil".  He 
was  the  most  industrious  man  that  ever  lived.  His  vast 
nuiseum  is  a  proof  of  what  industry  can  accomplish,  for  it 
contains  matter  f(»r  seven  years'  investigation,  and  it  took 
Clift  ten  years  to  catalogue  the  specimens." 

He  knew  Hunter  suflicicntly  well  to  assist  him  in  the  dis- 
section of  a  whale,  and  to  talk  to  him  after  the  lectures. 
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C  lino  he  almost  veiieratcxl.  ami  it  was  a  oricf  to  Astlrv 
Cooper  that  an  estrangement  arose  during  the  hiter  years  ol' 
his  master's  hl'e.  This  was  jii-ohably  (hie  to  the  })art  Cooper 
took  in  bringing  about  the  in(lej)en(k-nt  eslal)hslnnent  of  the 
sehool  at  Ciuy's.  Ilis  rehanee  u|)()n  C  line's  judgment  I  have 
referred  to  when  writing  of  the  oj)erati()n  on  King  (ieorge  lY. 

lie  ealls  liim  "  My  most  able  and  judieious  preceptor."  In 
the  dedieation  (tf  \\\i'  tu'st  xolume  on  llcni'ui.  he  acknowledges 
■■  that  many  of  the  ideas  which  it  contains  have  been  derived 
from  your  public  and  pri\ate  instruction,"  and  adds  ■"■  that  you 
may  long  continue  to  enjoy  an  exalted  professional  reputation, 
ac(piired  solely  by  merit,  and  unsidlied  by  a  single  unworthy 
act,  is  the  ardent  wish  of,  Your  sincere  friend  and  colleague, 
Astley  Cooper." 

Again,  when  Tyrrell  submitted  to  him  the  first  volume  of 
his  edition  of  his  lectures  in  1824,  Astley  Cooper  sends  the 
following  letter — - 

"  Dear  Sir, 

"  I  have  looked  o\er  the  manuscript  of  my  Lectures 
on  Surgery.  It  contains  a  faithful  account,  which  for  forty 
years  I  ha\"e  Ixen  endeavouring  to  learn,  and  of  the  practice 
which  for  thirty-two  years  I  have  been  in  the  habit  of  teaching 
in  that  school,  which  is  proud  to  rank  amongst  its  Lecturers 
on  Surgery  the  names  of  Cheselden  Sharp,  Warner,  Else,  and 
last,  although  not  least,  of  my  most  able  and  judicious  preceptor 
and  predecessor  ^Ir.  ('line. 

"  Yours  very  truly, 

"  Astley  Cooper." 


Astley  Cooper  had  a  profound  belief  in  seeing  the  work  of 
others  and  listening  to  their  teaching,  and  a  man  who  does  this 
cannot  be  said  to  ignore  the  efforts  of  fellow-labourers.  The 
visit  to  Edinburgh  was  the  first  evidence  of  this.  Then  he 
visited  Paris  several  times  and  knew  Larrey,  Didiois,  Dcsaret, 
and  Chaport.  Larrey  Aisited  Guy's  with  Cooper  and  Dupuytren 
and  saw  Key  perform  lithotomy.  Dubois  was  a  spectator  at 
the  ligature  of  the  carotid.  In  (Jermany  and  Holland  he  made 
the  acquaintance  of  the  leading  surgeons  and  examined  their 
collections. 

He  had  a  discussion  with  Hey  of  Leeds  on  a  point  in  the 
anatomy  of  the  parts  concerned  in  hernia.  To  settle  the  ques- 
tion he  invited  Hey  to  London  and  provided  a  subject  for 
dissection,  witli  the  result  that  the  visitor  w^as  convinced  of  the 


ASTLEY   COOPER  147 

correctness  of  Cooper's  findings.  Nothing  could  ha\  e  been  more 
friendly  and  open-minded. 

In  liis  participation  in  discussion  at  societies  Astley  Cooper 
showed  his  readiness  to  submit  his  observations  or  the  result 
of  his  operations  to  criticism.  This  was  particularly  noticeable 
at  the  Medico-Chirurgical  Society,  where  he  described  his  cases 
of  ligature  of  the  carotid  and  also  that  of  the  aorta. 

"  Astley  Cooper,"  writes  his  biographer,  "  gained  the  con- 
fidence of  e\"cry  medical  practitioner  who  had  access  to  him. 
This  did  not  originate  from  his  published  works  or  his  lectures, 
but  from  his  innate  love  of  his  profession,  his  zeal  in  all  that 
concerned  it,  and  his  honest  desire,  as  well  as  great  power,  in 
conveying  an  opinion  without  exposing  the  ignorance  of 
another." 


Retirement  from  Guy's  and  Temporary  Retirement 
FROM  Practice 

After  the  death  of  their  adopted  daughter  in  1814,  Mrs. 
Cooper  resided  at  Gadesbridge,  an  estate  purchased  in  1811. 
Here  Astley  Cooper  spent  his  spare  time,  and  in  the  season 
entertained  shooting  parties.  He  moved  from  the  city  to 
New  Street  in  the  West  End  in  1815,  partly  to  save  the  frequent 
journey  to  this  part  of  the  town,  and  also  to  enable  him  to  get 
morning  exercise  in  the  parks  either  by  walking  or  riding.  He 
also  began  to  find  the  excessive  demand  of  the  city  practice 
too  exhausting.  I  have  referred  to  the  injurious  effect  of  the 
strain  resulting  from  the  effort  demanded  by  the  lectures  on 
Comparative  Anatomy  in  the  year  1815.  It  is  obvious  that 
little  time  could  be  spared  for  country  pursuits.  Though  only 
forty-seven  he  had  grown  stout  in  spite  of  living  carefully.  He 
did  not  relax  his  daily  investigations  in  the  work-room,  where 
lie  continued  to  enij)l()y  an  assistant  and  a  draughtsman. 
His  nephew,  liransby,  with  his  wife,  joined  him  in  New  Street 
and  remained  till  1827,  when  he  temporarily  retired. 

Towards  the  end  of  1824-  his  attacks  of  giddiness  became  more 
frequent  and  were  attended  with  dilliculty  in  breathing,  but 
after  a  few  (hiys  at  (iadesbridge  he  would  quickly  recover. 

Attributing  this  increase  to  the  strain  of  lecturing,  he  relin- 
(luislicd  llu-  leetin-(s  on  anatomy  and  eonfmed  himself  to  those 
on  surgc-ry.  In  .I;iiiu;iiy  IS'J")  lie  sent  in  his  resignation  of  his 
lectureshij)  to  the  goNernors  ol'  St.  Thomas's  Hospital. 

At  the  re(piest  of  the  students  he  delivered  a  few  lectures 
after  this  date,  l)ul  n  fused  a  similar  rc(|U('st  in  ls;}().  In  doing 
so,    he   gratefully   aekiiow  icdgcd    the    high    compliment,    luuing 
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in>Ntriioted  tln^  orniuUatlurs  ami  fathers  of  many  of  those  who 
made  the  rec|uest. 

He  spoke  of  the  folly  of  not  usino-  forbearance  in  the  gratifica- 
tion of  amhition.  and  of  the  dnty  men  ach  aneed  in  life  arc  under 
to  make  way  for  teachers,  who  ha\"e  the  advantage  of  possessing 
the  vigour  and  energy  of  youth.  At  the  same  time  he  resigned 
the  surgeoiu'v  to  (iuy's.  which  he  had  held  for  twenty-five  years, 
and  at  the  suggestion  of  ]Mr.  Harrison,  the  Treasurer,  became 
Consulting  Surgeon  at  the  age  of  fiftv-seven. 

He  spent  nuich  more  time  at  Gadesbridge  with  great  ini])rove- 
ment  to  his  health.  But  he  did  not  remain  inactive  while  there, 
for  he  embarked  on  farming  operations,  and  bought  young 
horses,  which  he  trained  and  improved.  ^Moreover,  one  of  his 
greatest  interests  was  in  treating  the  various  maladies,  to  which 
horses  arc  liable.  Others  sent  their  horses  to  him  through  the 
local  blacksmith  once  a  week,  when  Sir  Astlcy  woidd  remove 
a  corn  from  the  foot  or  drain  an  abscess. 

Here  he  kept  a  dissecting  room,  and  made  many  prepara- 
tions, using  the  irrecoverable  animals  for  any  experiment  to 
elucidate  a  subject  on  which  he  was  engaged. 

His  practice  in  New  Street  continued  to  be  almost  as  exten- 
sive as  when  in  the  city,  and  in  182()  he  was  attending  the  King, 
the  Duke  of  York,  Lord  Chatham,  and  many  holding  the  most 
prominent  positions  in  the  kingdom. 

Lady  Cooper  died  from  erysipelas  of  the  head  in  June  1827, 
and  though  Sir  Astley  resumed  practice,  he  found  that  this 
was  so  interrupted  by  the  attacks  of  giddiness,  necessitating 
frequent  absence,  that  in  September  he  decided  to  retire  from 
practice,  and  gi\e  himself  up  to  a  country  life.  Having  com- 
plet6ly  recovered  his  health,  he  began  to  suffer  for  the  first 
time  in  his  life  from  ennui,  and  he  yearned  again  for  his  pro- 
fessional occupation. 

After  a  few  months  he  retiu-ned  to  London  and  took  a  lodging, 
intending  to  see  a  few  old  patients  on  three  or  four  days  in  the 
week.  His  return  becoming  known,  his  advice  was  eagerly 
sought,  and  to  meet  the  demand  he  purchased  a  lease  in  Dover 
Street  and  set  up  an  establishment.  This  proving  incon- 
venient, he  moved  into  Conduit  Street,  where  he  remained  till 
his  death  fourteen  years  later. 

In  July  1828  he  married  the  sister  of  an  old  acquaintance, 
and  the  same  year  was  appointed  Serjeant  Surgeon  to 
George  IV. 

Such  appears  to  be  the  true  account  of  his  temporary  retire- 
ment and  resumption  of  practice.  It  was  not  due,  as  has  often 
been  said,  to  any  loss  of  his  fortune. 
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It  was  during  this  period,  in  1836,  that  he  was  a  second  time 
elected  President  of  the  College,  the  first  being  in  1827,  the 
year  in  which  he  temporarily  retired  after  the  death  of  his 
Avife. 

It  is  also  wortli  noting  that  the  first  volume  of  the  Guifs 
Hosjjital  Reports  was  piibhsiied  in  183G,  eleven  years  after  his 
resignation  of  the  surgeoncy,  and  that  to  this  issue  he  con- 
tributed an  important  paper. 


The  Man 

One  cannot  do  better  than  quote  two  appreciations  by  men 
who  knew  him  and  iiis  work. 

Dr.  Pettigrew,  in  his  Medical  Portrait  Gallery,  thus  describes 
the  overpowering  influence  Sir  Astley  Cooper  iiad  upon  his 
pupils  :  "I  can  nc\er  forget  the  enthusiasm  with  which  he 
entered  upon  the  performance  of  any  duty  calculated  to  abridge 
human  suffering.  This  enthusiasm,  by  the  generosity  of  his 
character,  his  familiar  manner,  and  the  excellence  of  his  temper, 
he  imparted  to  all  aroiuid  hini,  and  the  extent  of  the  obligations 
of  the  present  and  of  after-ages  to  Sir  Astley  Cooper,  in  thus 
forming  able  and  spirited  surgeons,  can  never  be  accurately 
estimated.  He  was  the  idol  of  the  Borough  School.  The  pupils 
followed  him  in  troops ;  and  like  to  Iiinn;eus,  who  has  been 
described  as  proceeding  upon  his  botanical  excursions  accom- 
panied by  hundreds  of  students,  so  may  Sir  Astley  be  depicted 
traversing  the  wards  of  the  hospital  with  an  equal  number  of 
pupils  listening  with  almost  breathless  anxiety  to  catch  the 
observations  which  fell  from  his  lips.  But  on  days  of  ojx-ra- 
tion  this  feeling  was  wound  up  to  the  highest  pitch.  The  sight 
was  altogether  deeply  interesting;  profound  silence  obtained 
upon  his  entry,  that  person  so  manly  and  so  truly  imposing, 
and  the  awful  feeling  connected  with  the  occasion,  can  never  be 
forgotten  by  any  <>1"  his  pupils.  The  elegance  of  his  operation, 
without  the  slightest  affectation,  all  ease,  all  kindness  to  the 
patients,  and  equally  solicitous  that  nothing  shoukl  be  hidck'n 
from  the  observation  of  the  ])upils,  rapid  in  execution,  masterly 
in  manner,  no  hurry,  no  disorder,  the  most  trifling  minutiic 
attended  to,  the  dressings  generally  applied  by  his  own  hand, 
the  light  and  elegant  manner  in  which  Sir  Astley  Cooper  employed 
his  instruments,  always  astonished  me,  and  I  could  not  refrain 
from  making  some  remarks  upon  it  to  my  late  master.  Mr. 
Chandler,  one  of  the  surgeons  to  St.  TJiomas's  Ii(is|)ital.  1 
observed  to  him  that  Sir  Astley's  operations  apixai-cd  like  \\\v 
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graceful  efforts  of  an  artist  in  making  a  drawing.  Mr.  Chandler 
replied  :  *  Sir.  it  is  of  no  consequence  what  instrument  Mr. 
Cooper  uses ;  they  are  all  alike  to  him,  and  I  verily  believe  he 
coidd  operate  as  easily  witli  an  oyster-knife  as  the  best  bit  of 
cutlery  in  I.aundy's  shop."  There  was  great  trutli  in  this 
obser\  ation.  Sir  Astlev  was  at  tliat  time  certainly  one  of  the 
best  operators  of  the  day,  and  this  nuist  be  taken  in  its  widest 
sense,  for  it  is  intended  to  include  the  planning  of  the  opera- 
tion, the  precision  and  dexterity  in  the  mode  of  its  performance, 
and  the  readiness  with  w^hich  all  dillieulties  were  met  and 
overcome." 

The  second  is  from  ^Villianl  Roots,  who  was  a  dresser  to 
the  resigning  surgeon,  William  Cooper,  and  was  taken  over  by 
Astlev  Cooper  on  his  succeeding  to  the  surgeoncy. 

"  From  the  period  of  his  appointment  to  Guy's  until  the 
moment  of  his  latest  breath,  he  was  cAcrything  and  all  to  the 
suffering  and  afflicted.  His  name  was  a  host,  but  his  presence 
brought  confidence  and  comfort ;  and  I  have  often  observed  that 
on  an  operating  day,  shoidd  anything  occur  of  an  untoward 
character  in  the  theatre,  the  moment  Sir  Astlev  Cooper  entered, 
and  the  instrument  was  in  his  hands,  every  dilliculty  w^as  over- 
come and  safety  generally  ensured." 

No  doubt  reference  is  here  made  to  the  fact  recorded  by 
Sir  Astlev  Cooper  himself  as  follows  :  "I  was  always  of 
opinion  that  Mr.  (line  and  I  gained  more  reputation  at  the 
hospitals  by  assisting  our  colleagues  than  by  our  ow^n  opera- 
tions, for  they  were  always  in  scrapes,  and  w^e  were  obliged 
to  help  them  out  of  them." 

Travers,  an  apprentice,  who  lived  with  Sir  Astley  and 
became  surgeon  to  St.  Thomas's,  w'rites — 

"  Close  and  accurate  observation,  correct  and  forcible 
description,  and  an  unwearied  industry  in  the  pursuit  of 
disco\cry,  were  his  peculiar  characteristics,  and  all  these,  from 
the  new  channel  into  which  his  labours  were  now  directed,  were 
called  into  requisition." 

Tyrrell,  one  of  his  apprentices  and  subsequently  a  surgeon 
to  St.  Thomas's  and  the  editor  of  the  Lectures  on  Surgery, 
thus  writes  of  his  master,  with  whom  he  resided  for  several 
years — 

"  He  was  in  the  habit  of  visiting  it  (the  hospital)  at  any 
unoccupied  interval,  in  addition  to  his  regular  days  of  attend- 
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ance.  He  would  look  at  particular  or  urgent  cases,  before  and 
after  lecture,  and  he  generally  went  round,  a  loisir,  as  a  florist 
would  visit  his  parterre,  with  two  or  three  elder  students,  on  a 
Sunday  morning.  His  interest  in  his  profession  was  genuine, 
independent  of  the  additional  incitement  of  the  love  of  reputa- 
tion or  of  gain.  This  was  equally  evinced  in  the  dissecting 
room,  and  in  the  Avards  of  the  hospital  :  of  the  two,  I  should 
say,  his  passion  was  for  minute  anatomy. 

"  I  may  observe  that  lie  was  distinguished,  at  tlie  time  of 
which  I  am  speaking,  by  an  untiring  energy  of  character,  and 
the  faculty  of  communicating  his  opinions  and  his  ardour  by 
conversation  Avith  the  young  men  around  him.  He  tried  to 
elicit  remarks  from  them  with  remarkable  earnestness,  nor 
did  he  often  fail  to  excite  a  disposition  on  their  part  to  meet 
his  wishes. 

"  The  simplicity  of  his  haljits  and  mode  of  li\ing  were  in 
perfect  keeping  with  the  activity  of  a  mind  which  was  intently 
bent  upon  great  objects.  He  rose  and  generally  retired  early, 
nor  did  he  allow  his  toilet  to  occupy  much  of  his  time.  His 
meals  were  quickly  dispatched,  and  though  he  ate  heartily,  he 
never  drank  anything  l)ut  water  at  dinner,  and  rarely  exceeded 
two  glasses  of  port  wine  after.  He  liad  a  Spartan  contempt  lor 
self-indulgence  at  table,  and  used  to  say  he  could  digest 
anything  but  sawdust." 

In  a  piece  of  autobiography  Astlev  Cooper  thus  writes  of 
himself — 

"  Sir  Astley  Cooper  was  a  good  anatomist,  but  was  nc\X'r 
a  good  operator  where  delicacy  was  required.  He  felt  too 
much  before  he  began  ever  to  make  a  perfect  operator. 

"  For  the  operation  of  cataract  he  was  quite  unfitted  by 
nature. 

"  Quickness  of  perception  was  his  forte,  for  he  saw  the  nature 
of  disease  in  an  instant,  and  often  gave  offence  by  pouncing  at 
once  upon  his  opinion. 

"  The  same  faculty  made  his  prognosis  good. 

"  He  was  a  good  anatomist  of  morbid,  as  well  as  of  natural 
structure. 

"  He  had  an  excellent  and  useful  meniorx . 

"  In  judgment  he  was  very  inferior  to  Mr.  (line  in  all 
ilic  affairs  of  life,  and  hence  was  continually  walking  uj)()n  a 
mine  ready  to  explode  under  his  feet.  His  imagination  was 
vivid,  and  always  ready  to  run  away  with  him  if  lie  <iid  not 
control  it. 

"His   strength   consisted   in   the  quickness   with    wliicli    he 
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could  decide  upon  the  nature  of  a  case,  and  tlic  certainty  almost 
of  his  decision  being  right,  as  well  as  the  readiness  with  which 
he  adapted  his  means  of  treatment.  His  diagnosis  was  really 
most  remarkable.  lie  obtained  that  decision  from  having 
made  it  a  ]M-aetiee.  when  young,  to  see  all  the  j^oor  who  would 
come  to  him.  and  thus  he  saw  such  a  \ariety  of  disease  as  to 
make  him  as  familiar  with  it  as  a  ])arent  with  his  child. 

"  His  principU'  in  {)ractice  was.  never  to  suffer  any  one 
who  consulted  him  to  quit  him  without  gixing  them  satisfaction 
on  the  nature  and  proper  treatment  of  their  case." 

I  have  spoken  of  his  industry,  which  never  relaxed  until 
illness  laid  hold  of  him  in  the  year  of  his  death.  Of  himself 
he  writes,  at  a  period  when  he  was  Cline's  assistant — 

"  I  went  to  the  hospital  before  breakfast  to  dissect  for  lecture. 
I  injected  three  subjects.  I  lectured  from  two  o'clock  till  half- 
past  three.  In  the  evening  three  times  per  week,  I  lectured  on 
surgery.  I  attended  to  the  interesting  cases  in  the  hospital, 
making  notes  of  them,  and  in  this  latter  practice  I  always 
persevered." 

Conclusion 

Astley  Cooper  died  in  1841  at  the  age  of  seventy-four,  having 
extended  and  upheld  the  reputation  of  British  surgery  for  half  a 
century.  He  was  buried  beneath  the  chapel  of  the  hospital  he 
loved  so  well,  and  whose  fame  he  did  so  much  to  extend.  By 
his  will  he  founded  a  triennial  prize,  and  it  is  significant  that  he 
directed  that  the  first  subjects  for  inquiry  should  be  upon  the 
thyroid,  the  spleen,  the  thymus,  the  suprarenal  capsules,  and 
the  state  of  the  blood  and  blood-vessels  in  inflammation,  all 
subjects  on  which  he  had  himself  made  observations  and  con- 
ducted experiments.  He  foresaw  that  future  workers,  better 
equipped,  would  unravel  the  secrets  which  had  baffled  him. 

In  concluding  this  account  of  a  great  surgeon  and  one  of  the 
most  brilliant  of  Guy's  men  of  any  time,  I  shall  quote  the  last 
paragraphs  of  my  JInnicrkm  Oration,  which  was  delivered  before 
the  Council  of  the  Royal  College  of  Surgeons  in  February  1921 
as  the  best  tribute  I  can  offer. 

"The  Ilunterian  era  awoke  in  the  minds  of  men  a  desire  to 
explore  the  old  ground  by  new  methods  and  to  unearth  the 
truths  so  long  concealed.  There  was  a  spirit  of  adventure,  like 
that  which  animated  the  Elizabethan  explorers,  the  ambition 
of  the  healthy  human  intellect  to  extend  its  range  of  vision  and 
knowledge. 

"To  Hunter  belongs  the  credit  of  the  discovery  of  this  new 
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workL  lie  it  wus  who  lighted  the  toreh,  and  I  hope  I  have 
shown  tliat  Astley  Cooper  was  amongst  tliose  wlio  first  carried 
it  forward  in  the  race,  kept  it  ahght,  and  then  jnissed  it  on, 
not  only  undiminished,  but  burning  with  a  brighter  flame; 
and  so  when  his  course  was  run  the  goal  was  nearer  for  the 
part  he  had  taken." 

"  After  brief  life  men  die,  and  like  runners  in  a  race  hand  on 
their  torch  to  another^ 


A   DISCUSSION   OX   ADDISON'S   (PERNICIOUS) 

ANEMIA 

AT  THE   CiUYS   HOSPITAL  MEDICAL  RESEARCH   CLUB   ON 
JANUARY    12,    1921 

T.  IXTRODITTION 
By  SIR  WILLIAM  HALE-WHITE,  K.B.E.,  M.D. 

Ix  the  first  half  of  the  ninetecntli  century  some  authors 
recorded  cases  of  the  condition  which  was  kiter  called  pernicious 
anirniia,  but  did  not  recognise  it  as  a  distinct  disease.  This 
was  first  done  by  Addison  ^  in  a  paper  read  before  the  South 
London  ^Medical  Society  in  1849.  He  called  it  "  idiopathic 
aiueniia/'  but  later  the  name  "  pernicious  ana?mia  "  was 
apj)lied  to  it.  Both  are  unfortunate  terms,  and  it  would  be 
better  to  call  it  xVddison's  anaemia.  This  name  would  have 
come  into  general  use,  were  it  not  that  confusion  might 
arise  with  the  malady  known  as  Addison's  disease.  Eetween 
1849  and  1855,  when  Addison  described  "  idiopathic  anaemia  " 
in  his  famous  work  on  Diseases  of  Die  Suprarencils,  it  had  become 
well  known  in  Guy's  Hospital  and  in  London,  and  Wilks,  who 
was  the  first  to  examine  the  blood  in  this  disease,  had  shown  that 
leucocytlucmia  was  not  present.  The  cases  that  have  occurred 
in  this  hospital  have  been  described  in  the  Guy^s  Hospital 
Reports  by  Wilks,^  Taylor,^  Pye-Smith, '  and  myself."^  Hopkins  ^ 
in  the  same  publication  in  1893  gave  a  full  account  of  the  distri- 
bution of  iron  in  the  li\"er  and  other  organs,  and  he  described 
the  changes  in  the  urine.  French '  has  written  the  article  on 
pernicious  anaemia  in  Clifford  Allbutt  and  llollcston's  System  of 
Medicine.  We  may  therefore  claim  that  in  this  Medical  School 
the  disease  has  been  both  discovered  and  carefully  studied. 

Several  years  after  the  discovery  of  "  idiopathic  anaemia  " 
here,  the  Germans,  being  ignorant  of  the  English  literature, 
rediscovered  it  for  themselves,  but  Wilks  and  Pye-Smith  were 
easily  able  to  show  that  we  were  first  in  the  field,  and  this  fact 
has  been  recognised  both  in  France  and  America.  The  Germans, 
moreover,  confused  matters,  for  some  of  their  cases  were 
examples  of  severe  secondary  haemorrhage. 

Since  Addison's  original  description  other  facts  have  been 
discovered.     He    described    the    pallor    as    waxy;     it    is    now 

154 


A  DISCUSSION   ON   ADDISON'S   AN.EMIA     155 

recognised  that  lemon  colour  more  correctly  indicates  its  tint. 
Microscopical  examination  oi'  the  blood  was  in  his  day  in  its 
infancy;  now  definite  alterations  in  the  blood  are  given  as 
characteristic ;  for  my  own  part  I  believe  that  the  statements 
in  the  text-books  are  too  dogmatic.  Thus  it  is  said  that  the 
colour-index  is  above  unity,  and  the  chart  given  as  typical  in 
Osier's  "  Text-Book  "  shows  it  above  unity  on  every  examina- 
tion. It  is  not  always  so ;  in  the  same  patient  it  may  some- 
times be  above,  sometimes  below  this,  even  during  the  same 
day,  and  I  consider  that  it  is  rash  to  deny  a  diagnosis  of 
pernicious  anemia  because  a  simple  examination  of  the  blood 
shows  a  colour-index  below  unity. 

Addison  had  no  clinical  thermometer  and  was  therefore 
unaware  that  the  temperature  is  usually  slightly  raised — a 
remarkable  thing,  for  we  should  expect  the  profound  anaemia  to 
lower  oxidation;  indeed  the  ana?mia  inmiediately  following 
profuse  loss  of  blood  is  accomplished  by  a  subnormal  temperature. 
He  had  no  ophthalmoscope  and  was  unaware  of  the  presence  of 
retinal  hjemorrhages  and  slight  retinitis.  I  remember  a  man  in 
John  Ward,  in  whom  an  ophthalmoscopic  examination  alone 
led  to  a  prediction  of  pernicious  ana.'mia,  which  proved  to  be 
correct.  Addison  docs  not  mention  the  urine ;  we  now  know  that, 
although  variable  in  colour,  yet  sometimes  it  is  characteristically 
the  colour  of  dark  sherry.  A  full  account  of  this  will  be  found 
in  Hopkins's  article  in  the  Guy's  Reports  for  1893. 

There  were  not  in  1849  the  means  we  possess  of  examining 
the  gastric  juice;  now  we  are  aware  that  hydrochloric  acid  is 
absent  from  it  in  pernicious  anaemia.  The  significance  of  this 
we  shall  hear  about  in  this  debate.  Addison  docs  not  relcr  to 
gastro-intestinal  symptoms,  but  we  have  learnt  tiiat  they  are 
frequent.  In  the  series  of  cases  published  in  the  G*^//'*  Hospital 
Reports  for  1890,  it  was  shown  that  diarrhoea  and  vomiting  are 
common,  quite  apart  from  the  taking  of  arsenic.  At  one  time 
it  was  suggested  that  pyorrhoea  was  the  cause  of  pernicious 
ana?mia,  but  I  should  not  say  it  was  more  often  seen  in  sufferers 
from  this  disease  than  in  others,  and  I  have  met  with  patients 
afflicted  with  pernicious  ana-mia  whose  mouths  were  quite 
healthy. 

About  fdteen  years  ago  there  was  under  my  care  in  the  hospital 
a  patient  suffering  from  this  disease,  who  showed  l)rown  spots 
in  the  mouth,  indistinguishable  from  those  seen  there  in  disease 
of  the  suprarenals,  and  in  whom  they  were  not  due  to  arsenic. "* 
Others  have  since  seen  them  in  similar  cases,  but  they  are  very 
rare. 

Addison  did  not  examine  the  bones;  now  we  know  that  the 
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marrow  is  very  often  abnormal.  So  many  cases  have  been 
recorded,  however,  in  which  it  is  stated  to  be  normal,  that  it 
would  be  of  interest  to  hear  if  this  is  possible ;  my  own  impression 
is  that  the  marrow  is  always  abnormal. 

Addison  was  unaware  of  the  degeneration  of  the  spinal  cord. 
There  is  in  the  Guy's  INIuseum  an  excellent  specimen  of  this 
condition  from  a  patient  sent  in  as  an  example  of  anorexia 
nervosa ;  we  found  an  extensor  plantar  reflex,  and  immediately 
examined  the  blood;  we  found  she  had  pernicious  anaemia. 
She  died  in  a  few  hours,  and  the  autopsy  showed  we  were 
correct.  I  hope  we  may  get  some  hint  as  to  why  this  degenera- 
tion occurs. 

That  free  iron  may  be  found  in  the  liver  and  other  organs 
was  unknown  when  the  disease  was  first  described.  Lastly, 
it  was  not  known  that  either  arsenic  or  transfusion  was  beneficial. 

Addison  gives  a  very  gloomy  prognosis,  saying,  "  With 
perhaps  a  single  exception  the  disease,  in  my  experience,  resisted 
all  remedial  efforts,  and  sooner  or  later  terminated  fatally." 
This  is  our  present  experience,  but  once  I  followed  up  some  cases 
and  found  one  patient  still  alive  twelve  years  and  one  four 
years  after  the  original  diagnosis  had  been  made. 

Arsenic  will  benefit  for  a  time,  but  sooner  or  later  the 
patients  die;  it  may  be  after  two,  three,  or  four  relapses.  It 
will  be  of  interest  to  hear  opinions  as  to  the  relative  value  of 
arsenic  by  the  mouth  and  intravenously,  and  also  whether 
transfusion  is  of  more  than  temporary  benefit.  Certainly  many 
patients  who  have  been  transfused  have  ultimately  died,  but 
that  may  be  because  it  has  only  been  used  in  severe  cases. 

I  would  suggest  that  the  disease  is  one  of  blood  destruction 

by  an  unknown  agent ;  that  probably,  considering  the  frequency 

of  gastro-intestinal  symptoms  and  the  large  amount  of  free  iron 

in  the  liver,  the  destruction  takes  place  in  the  portal  area ;   that 

the  changes  in  the  marrow  and  some  of  the  alterations  in  the 

blood   indicate  an  attempt  to   compensate  for  this  excessive 

destruction;    and  that  the  yellow  colour  of  the  skin  and  the 

occasional  dark  urine  are  perhaps  symptomatic  of  the  destruction 

of  the  blood. 
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II.  THE  ESSENTIAL  FACTOR  IX  THE  PATHOGENESIS, 
DIAGNOSIS,  AND  TREATMENT  OF  ADDISON'S 
AN.EMIA 

Bj^  A.  F.  HURST,  M.D. 

Nomenclature 

I  SHOULD  first  like  to  say  a  few  words  on  nomenclature. 
In  1849  Addison  gave  tlic  first  description  of  the  disease  we  are 
discussing  to-day  and  called  it  "  Idiopathic  Anaemia."  Twenty- 
three  years  later  Biermer  published  his  work  on  the  same  subject, 
and  called  the  disease  "  Pernicious  Anaemia,"  and  ever  since  it 
has  been  known  in  Germany  as  "  Biermer's  Anaemia  "  with 
equal  frequency.  But  beyond  the  pernicious  name  he  invented, 
Biermer  added  little  but  confusion  to  our  knowledge  of  the 
subject,  and  as  the  disease  is  neither  idiopathic  nor  necessarily 
pernicious,  there  can,  I  think,  be  no  doubt  that  "  Addison's 
Anaemia  "  is  for  every  reason  the  most  satisfactory  name. 

Pathogenesis 

It  is  now  generally  agreed  that  Addison's  anaemia  is  caused 
by  a  haemolytic  toxin  produced  by  some  infection  in  the  alimen- 
tary canal.  I  believe  that  this  infection  cannot  take  place 
unless  free  hydrochloric  acid  is  completely  absent  from  the 
gastric  contents.  In  the  Guy's  cases  this  is  a  rule  without 
exception.  Dr.  P.  N.  Panton  tells  me  that  at  the  London 
Hospital  achlorhydria  has  also  always  been  found,  with  the 
single  exception  of  one  recent  case.  Owing  to  the  fact  that 
the  diagnosis  can  never  be  regarded  as  absolutely  certain  until 
after  an  autopsy  has  been  performed,  this  one  exception  out 
of  some  fifty  cases  is  of  small  importance,  and  it  may  very 
well  prove  to  be  due  to  a  mistake  similar  to  that  made  in  the 
only  two  cases  at  Guy's  in  which  during  life  achlorhydria  was 
not  found,  but  in  which  after  death  a  different  cause  was  dis- 
covered for  the  anaemia.  These  results  agree  with  those 
obtained  by  Cabot  ^  in  a  series  of  seventy-nine  cases  and  by 
Carr  ^  in  fifty-seven  cases,  in  which  achlorhydria  was  present  in 
over  90  per  cent.,  and,  if  mistakes  in  diagnosis  are  excluded, 
probably  in  100  per  cent. 

There  is  a  good  deal  of  evidence  to  show  that  the  achlor- 
hydria precedes  the  development  of  the  anaemia.  The  digestive 
symptoms,  which  arc  present  in  a  large  proportion  of  cases,  are 
of  a  kind  which  may  well  be  caused  by  achlorhydria,  and  there 
is  frequently  a  history  that  these  have  been  present  for  many 
years,  as  Robert  Hutchison  ^  pointed  out  in  1909.     Moreover, 
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the  achloihydria  is  ct)iiiploto,  however  early  the  case  may  be, 
whereas  all  the  other  symptoms  develop  gradually,  none  of  them 
being  present  constantly  from  the  onset.  Although  the  blood 
changes  and  other  symptoms  show  definite  remissions,  free 
hydrochloric  acid  is  still  found  to  be  absent,  even  if  a  patient  is 
examined  in  one  of  the  periods  of  apparently  complete  remission. 
We  lune  had  one  striking  case  of  this  kind  at  (iuy's.  Lastly,  in 
other  severe  anjrmias,  so  far  as  my  experience  goes,  achlor- 
hydria  is  not  present.  Consequently  tlie  aclilorhydria  cannot 
be  regarded  as  a  result  of  the  disease  :  it  is  neither  caused  by  the 
same  toxins  as  those  whicli  produce  the  anaemia,  as  is  probably 
the  case  with  the  spnuil  cord  changes,  nor  is  it  secondary  to 
the  ana?mia  like  the  circulatory  symptoms.  I  believe  that  it 
is,  in  fact,  the  essential  predisposing  factor,  which  has  probably 
in  most  cases  been  present  for  years  and  may  indeed  be  con- 
genital, as  Ryle  and  Bennett  ^  have  shown  that  about  4  per 
cent,  of  healthy  young  men  have  achlorhydria.*  Sometimes  it 
may  liave  been  acquired  as  a  result  of  chronic  gastritis,  especially 
that  caused  by  alcohol,  or  as  a  result  of  a  gastro-enterostomy 
as  in  a  Guy's  case  observed  by  Dr.  Conybeare,  or  total  gastrec- 
tomy as  in  a  case  at  the  Mayo  Clinic  and  perha})s  another  of 
Moynchan's.  The  achlorhydria  allows  the  bacteria,  which 
produce  the  hsemolytic  toxins,  and  which  probably  have  their 
primary  focus  in  the  mouth,  to  pass  tlu'ough  into  the  intestine 
without  Ijcing  destroyed  in  the  stomach  by  the  hydrochloric 
acid  wliich  ought  to  be  present. 

Diagnosis 

for  years  I  have  taught  that  a  provisional  diagnosis  of 
Addison's  anaemia  can  generally  be  made  on  Addisonian  lines, 
without  the  aid  of  any  modern  methods  of  clinical  investigation. 
If  a  patient  suffering  from  the  ordinary  symptoms  of  anaemia 
has  the  characteristic  Icmon-yclloAV  colour,  it  is  extremely 
prol^able  tliat  he  is  suffering  from  Addison's  anaemia.  If 
digestive  symptoms  are  present,  the  diagnosis  becomes  more 
probable,  and  the  addition  of  symptoms  of  early  subacute 
combined  degeneration  of  the  spinal  cord  would  make  it  almost 
certain.  The  most  important  confirmatory  evidence  is  in  my 
opinion  not  haematological,  but  is  the  discovery  after  a  fractional 
test-meal  of  complete  achlorhydria.  If  free  hydrochloric  acid 
is  present,  the  diagnosis  can,  I  believe,  be  rejected  with  certainty. 
The  blood  examination  is  less  important,  as  the  characteristic 

*  Since  this  was  written  Valdemar  Bie  {Lancet,  i.  631,  1922)  has  published  a 
case  in  which  achylia  gastiica  was  known  to  have  been  jn-csent  for  twelve  years 
before  the  onset  of  the  anaemia. 


A  DISCUSSION   ON  ADDISON'S   AN.^MIA    150 

changes  arc  not  oi'tcn  present  throughout  the  disease.  As  Sir 
Wilhani  Ilaie-W'hite  has  ah'cady  i)ointed  out,  the  colonr-index 
is  often  under  1  for  long  periods,  and  I  am  convinced  that  the 
current  teaching  that  Addison's  ana,'niia  must  not  be  diagnosed 
unless  the  colour-index  is  over  1  is  unjustified.  I  doubt  very 
much  ■sviiether  any  importance  at  all  can  be  attached  to  such 
slight  variations  from  1  as  0*9  and  1"1,  particularly  as  the  rule 
that  the  colour-index  is  always  over  1  in  Addison's  antemia 
dates  from  a  time  when  the  hacmoglobinometer  and  ha?mato- 
cytometer  in  common  use  were  so  badly  standardised  that 
different  instruments  might  give  a  colour-index  of  0'8  and  1'2 
respectively  in  the  same  patient  at  the  same  time.  Even  now  it 
requires  an  unusual  degree  of  experience  to  estimate  the  colour- 
index  so  accurately  that  the  error  is  less  than  0*1 .  With  regard 
to  the  presence  of  niegaloblasts  it  is  generally  acknowledged  that 
these  can  often  only  be  found  after  prolonged  research  frequently 
repeated  over  a  long  period,  so  that  their  absence  on  ordinary 
examination  is  of  small  importance,  however  valuable  their  dis- 
covery may  be  as  positive  evidence.  I  should  be  quite  prepared 
to  diagnose  Addison's  anaemia  with  a  colour-index  well  below 
1  and  in  the  absence  of  megaloblasts  in  a  lemon-yellow  patient 
with  complete  achlorhydria  and  with  the  signs  and  symptoms 
of  subacute  combined  degeneration  of  the  cord,  for  I  would  know 
that,  if  lucmatological  examinations  were  repeated  day  after  day, 
perhaps  for  several  weeks,  characteristic  changes  would  eventually 
appear,  though  possibly  only  temporarily — but  why  wait  all  these 
weeks  before  making  a  diagnosis  and  instituting  the  appropriate 
treatment  ? 

Treatment 

In  discussing  the  treatment  of  Addison's  ana?mia  it  is 
essential  to  distinguish  between  the  treatment  of  the  ana?mia 
and  the  treatment  of  what  has  caused  the  ana?mia.  The  aniemia 
generally  responds  rapidly  to  arsenic  and  to  repeated  transfusion, 
but  neither  of  them  has  any  permanent  effect,  because  they  do 
not  touch  the  cause.  All  obvious  foci  of  infection  must,  of 
course,  be  eradicated,  and  in  this  connection  my  experience 
does  not  agree  with  that  of  Sir  W.  Ilale-White,  as  I  should  have 
said  tliat  oral  sepsis  is  present  or  there  is  evidence  of  its  former 
presence  in  almost  every  case.  The  secondary  infection  of  the 
bowel  must  then  be  dealt  with,  and  I  think  that  nothing  helps 
in  this  more  than  the  continvial  administration  of  large  doses  of 
dilute  hydrochloric  acid  with  pepsin  at  every  meal.  This  has 
often  been  tried  before  in  tiie  active  stage  of  the  disease,  but  so 
far  as  I  know  no  emphasis  has  l)een  laid  on  the  great  iin})ortance 
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of  giving  it  during  the  quiescent  periods,  and,  in  cases  ol' apparent 
recovery,  for  the  rest  of  the  patient's  hfe,  or  at  any  rate  so  long 
as  a  fractional  test-meal  shows  that  there  has  been  no  return 
of  free  hydrochloric  acid,  such  as  might  occur  if  the  achlorhydria 
was  secondary  to  chronic  gastritis.  I  advise  every  patient  to 
continue  in  this  way  with  the  acid  treatment,  and  to  have  a 
bk)od  examination  made  every  three  months,  so  that  he  may 
have  a  renewed  course  of  arsenic  and,  if  necessary,  another 
transfusion  as  soon  as  any  sign  of  returning  aujrmia  is 
discovered. 

It  seems  to  me  that  a  full  recognition  of  the  fundamental 
part  played  by  achlorhydria  in  the  production  of  Addison's 
auirmia  will  more  than  anything  else  lead  to  the  realisation  that 
the  disease  is  no  more  })crnicious  than  any  other  form  of 
secondary  anaemia. 
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III.  CHARACTERISTICS  OF  THE  BLOOD  IN  ADDISON'S 

ANJ^MIA 

By  E.  W.  BOWELL. 

I 

The  film  contains  red  corpuscles  of  various  sizes,  some 
being  smaller  than  the  average,  others  larger.  Associated  with 
this  is  an  irregularity  of  shape,  flask-shaped  forms  being  fre- 
quently seen. 

{a)  This  is  liable  to  happen  in  all  anaemias ;  but  in  other 
cases  than  Addison's  anjrmia  it  is  generally  found  that  the 
larger  corpuscles  are  paler  than  the  normal-sized  ones,  while 
in  Addison's  anaemia  they  may  even  take  a  deeper  stain.  As 
the  eosin,  which  is  used  to  stain  them,  is  said  to  be  a  "  specific 
stain  for  hajmoglobin,"  it  is  usual  to  estimate  the  amount  of 
haemoglobin  present  by  examining  the  depth  of  staining.  As 
a  matter  of  fact,  however,  the  specificity  of  eosin  in  this  particular 
is  shared  by  nearly  all  other  acid  dyes,  and  it  is  probably  more 
a  measure  of  the  reaction  of  the  corpuscle  than  anything  else. 

{h)  In  close  connection  with  the  last  character  we  also 
observe  that  the  eosin  stain  tends  to  be  confined  to  the  margin 
of  the  red  corpuscle.  This  is  to  be  carefully  distinguished  from 
the  pseudo-marginal  staining  which   is  seen  in  ordinary  cases  of 
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haemoglobin  deficiency ;  in  these  the  hght  centre  is  gradually- 
shaded  away  from  the  colour  of  the  margin,  which  is  itself  less 
definite  than  that  of  a  normal  eosin-stained  red  corpuscle, 
while  in  Addison's  anjcmia  the  margin  is  more  deeply  stained 
than  normal,  l^ut  in  criticism  of  this  marginal  staining  it 
must  be  noted  that  it  is  never  seen  so  well  as  in  specimens  fixed 
by  heat;  and  that  it  may  be  produced  artificially  by  heat  and 
by  certain  other  methods  of  fixation  in  normal  blood. 

(c)  In  cases  where  there  is  no  question  of  abnormal  tendency 
to  haemolysis,  the  red  corpuscles  vary  very  much  in  their 
fragility.  If  the  film  is  not  taken  in  the  best  way,  anisocytosis 
and  poikilocytosis  will  certainly  appear  in  some  part  of  the 
preparation,  owing  to  the  destruction  or  nuitilation  of  some  of 
the  corpuscles.  It  is  sometimes  a  real  dilliculty  to  distinguish 
between  this  artefact  phenomenon  and  the  pre-existing  variety, 
characteristic  of  Addison's  anaemia;  if,  however,  there  is  to  be 
found  anywhere  on  the  film  a  patch  of  well-spread  normal 
corpuscles,  it  is  improbable  that  the  case  is  true  Addison's 
anaemia.  In  the  latter  the  fragility  is  probably  actually  much 
less  than  in  normal  blood ;  at  least  it  has  always  seemed  so  to 
me.  A  badly  taken  film  in  Addison's  anaemia  may  show  very 
few  large  corpuscles,  as  these  naturally  have  the  greatest 
tendency  to  break  up. 

(d)  In  quite  normal  blood  there  is  more  variation  in  the  size 
of  the  red  corpuscles  than  is  generally  imagined.  It  is  on 
account  of  this  that  some  specimens  of  normal  blood  film  very 
badly,  the  regularity  of  the  film  depending  actually  upon  its 
containing  a  large  numl)er  of  units  of  apj^roxiniately  the  same 
size.  Also,  in  normal  blood  there  is  a  physiological  and  periodic 
variation  in  the  diameter  of  the  average  corpuscle.  I  ^\  ish  to 
lay  some  em})hasis  on  the  fact  that  if  a  thin  film  is  not  taken 
and  then  immediately  dried  (as  by  vigorous  shaking),  no  correct 
measurements  of  the  size  of  the  corpuscles  can  be  made.  Some 
authors  propose  to  measure  wet  pre})arations  ;  but  the  diameters 
of  the  corpuscles  in  wet  preparations  do  not  remain  constant. 

(r)  My  own  view  is  that  the  degree  of  plasticity  or  fragility 
of  the  red  corpuscles  is  very  largely  a  matter  of  individual 
idiosyncrasy ;  and  I  am  inclined  to  think  that  it  \aries  with 
the  serological  group  to  which  each  individual  belongs. 

II 

The  film  contains  few  (usually  very  few)  platelets,  and  those 
which  occur  are  larger  and  less  rcgnlai'  in  si/.c  than  normal 
platelets. 

The    platelets   are   almost^    certainly   derived   from   the  red 
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corpuscles  by  breaking  doAvii.  Their  absence,  therefore,  con- 
firms the  opinion  ah'cady  expressed  as  to  the  lesser  degree  of 
fraoility  in  Addison's  anncniia.  They  are  also  important 
morphological  factors  in  the  process  of  clotting,  and  this,  as 
has  frequently  been  observed,  is  slow  in  Addison's  anaemia, 
as  ccMiversely  they  are  imdoubtedly  more  conuuon  in  those 
conditions,  in  which  clotting  is  more  rapid  than  normal  and  may 
even  take  place  iiitra  vitam. 

Ill 

The  film  contains  nucleated  red  corpuscles,  of  which  a 
majority  are  megaloblasts. 

This  is  undoubtedly  the  case  in  those  films  which  may 
unhesitatingly  be  labelled  Addison's  ana-mia.  But  all  writers 
on  the  subject  agree  that  sometimes  very  few  megaloblasts 
may  be  present ;  some  add  that  they  occur  in  greatest 
numbers  at  the  crises  of  the  disease.  Some  would  make  the 
discovery  of  a  single  megaloblast  the  occasion  for  a  positive 
diagnosis.  To  me  it  seems  that  there  arc  often  nucleated  red 
cells  in  a  film  which  might  or  might  not  be  megaloblasts ;  and 
I  have  had  the  opportunity  lately  of  seeing  a  good  many  films 
unusually  rich  in  nucleated  red  cells.  Megaloblasts  are  normally 
replaced  by  normoblasts  at  quite  an  early  stage  in  foetal  life; 
and  it  is  quite  unusual  (so  far  as  I  have  investigated)  to  find  in 
foetal  blood  those  curious  dividing  nuclei  which  are  seen  in 
many  cases  of  advanced  ana?mia.  There  are  also  nucleated 
red  corpuscles  which  can  be  distinguished  with  great  difTicidty 
(if  at  all)  from  imperfectly  formed  ncutrophile  leucocytes;  and 
some  of  these  are  certainly  megaloblasts.  I  am  therefore 
inclined  to  think  that  the  presence  of  megaloblasts  in  Addison's 
anaemia  is  due  to  the  same  cause  which  makes  the  ncutrophile 
leucocytes  in  that  disease  more  scanty  than  in  normal  blood,  and 
frequently  ill-formed  and  with  smaller  nuclei  than  the  normal 
neutrophiles.  It  seems  to  me  that  this  is  more  probable  than 
the  theory  that  the  bone-marrow  on  this  occasion  goes  back  to 
the  manufacture  of  an  exceedingly  antiquated  type  of  red 
corpuscle. 

IV 

In  Addison's  anaemia  there  are  seen  many  curious  modi- 
fications of  red  corpuscles,  which  may  be  coloured  uniformly 
or  in  patches  by  the  })asophile  element  in  the  staining  mixture. 
It  is  not  worth  while  to  enumerate  all  the  names  which  have 
been  applied  to  these  cells;  there  is  no  agreement  as  to  their 
significance,  though  it  is  at  first  sight  probable  that  they  are 
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modifications  of  the  process  -which  yields  the  nucleated  red 
corpuscles.  It  cannot  be  claimed  that  any  of  them  is  exclusively 
characteristic  of  Addison's  ana?mia.  l^ut  they  are  not  often 
seen  in  films  in  Avhich  there  are  many  platelets. 

V 

In  Addison's  anrcmia  the  total  leucocyte  count  is  low,  and 
there  is  a  deficiency  of  neutrophile  corpuscles,  those  present, 
as  already  mentioned,  being  frequently  defective  examples. 

I  think  this  is  a  really  important  point.  If  one  took  ordinary 
blood  and  removed  about  half  of  the  neutrophile  cells,  the  total 
and  differential  count  of  the  remainder  would  be  similar  to  those 
of  Addison's  anaemia.  The  neutrophile  corpuscle  is  one  of  the 
most  valuable  things  in  the  body ;  it  is  possible  that  its  deficiency 
may  bring  about  some  of  the  nervous  or  other  symptoms 
characteristic  of  Addison's  amemia.  In  fact,  if  all  anaemias 
were  to  be  classified  anew,  I  should  put  on  one  side  those  in 
which  the  number  of  neutrophile  cells  per  cubic  millimetre  is 
definitcl}'  low.  In  most  of  the  secondary  aucxmias  there  is  a 
neutrophile  leucocytosis,  both  actual  and  relative.  In  leukaemia 
we  find  a  similar  defect  of  neutrophile  cells,  for  there  is  no  reason 
to  suppose  that  myelocytes  can  officiate  as  ncutrophiles,  and 
probably  the  normal  termination  of  myelocytic  leukaemia  is 
that  it  becomes  a  myelogonic  (or  lymphoidocytic,  incorrectly 
called  a  large-celled  lymphatic)  lcuka?mia.  Addison's  anaemia  is 
not  a  common  disease ;  this  at  least  fits  in  well  with  the  fact  that 
while  most  people  have  a  normal  supply  of  neutrophile  cells, 
which  enable  them  to  react  normally  to  many  diseases,  there  is  a 
minority  who  are  from  childhood  deficient  in  them,  tending  to 
make  small  lymphocytes  instead,  and  thus  retaining  an  ancestral 
disability,  which  is  still  found  in  the  six-months  foetus,  as  it 
is  in  most  lower  primates,  which  have  notoriously  small  power  of 
resistance  to  diseases  caused  by  micro-organisms.  I  suggest  that 
it  is  this  minority  which  is  liable  to  develop  Addison's  ana^uia. 
\h\t  when  a  secondary  anaijmia,  which  is  associated  with  a  large 
production  of  neutrophile  cells,  has  lasted  a  long  time,  signs  of 
exhaustion  are  always  manifested.  In  this  way  the  aplastic 
anaemias  arise;  they  may  be  clinically  identical  with  Addison's 
anaemia,  while  the  blood  examination  shows  (as  I  think)  that 
they  have  arrived  at  the  same  condition  by  a  different  route. 

VI 

Tlie  colour-index  is  no  doubt  typically  high  in  Addison's 
anaemia;    but  our  methods  of  obtaining  this  ligure  are  by  no 
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means  pcrlVct,  and  in  any  case  the  high  colonr-index  is  only 
another  Avav  of  stating  that  there  arc  many  large  red  corpuscles 
(I). 

VII 

There  is  a  diminution  in  the  number  of  the  red  corpuscles — 
a  character  of  all  auitmias. 


IV.  ACHLORHYDRIA   AND   DIGESTIVE   SYMPTOMS   IN 
ADDISON'S    ANEMIA 

By  J.  A.  RYLE,  M.D. 

Having  interested  myself  in  the  clinical  symptoms  which 
may  be  found  to  accompany  achylia  gastrica — better  termed 
achlorhydria — as  encountered  in  the  routine  investigation  of 
dvspeptics,  I  thought  that  it  might  be  of  interest  to  compare 
these  with  the  synn)toms  recorded  in  the  case-histories  of  patients 
suffering  from  Addison's  anaemia.  For  this  purpose  I  have 
referred  to  the  analysis  by  Dr.  Herbert  French  of  sixty-eight 
consecutive  cases  of  "  pernicious  anaemia  "  in  the  Guy's  Hospital 
Rejjorts  for  1909. 

The  symptoms  found  in  cases  of  achlorhydria  may  be 
roughly  divided  into  three  groups — gastric,  intestinal,  and 
general.  The  gastric  symptoms  are  usually  vague  and  consist 
for  the  most  part  of  epigastric  discomfort  or  fulness,  which 
seldom  amounts  to  actual  pain,  tliough  occasionally  the 
symptoms  of  duodenal  ulcer  may  be  simulated.  More  charac- 
teristic is  nausea,  experienced  especially  in  the  morning,  with 
which  we  are  most  familiar  in  the  case  of  the  chronic  alcoholic, 
and,  more  rarely,  vomiting. 

Diarrhoea  is  the  leading  intestinal  symptom,  which,  in  the 
absence  of  any  history  of  dysentery  or  of  other  evidence  of  an 
ulcerative  bowel  lesion,  becomes  one  of  the  most  important 
diagnostic  symptoms  of  achlorhydria.  Gastrogenous  diarrhoea 
has  a  tendency  to  occur  especially  after  meals,  and  is  not  usually 
associated  with  the  urgent  liowel  discomforts  of  an  enterogenous 
diarrhoea. 

The  general  symptoms  accompanying  achlorhydria  are  very 
vague  and  amount  to  little  more  than  a  general  lassitude  and 
hypotonus,  together  with  those  features  usually  referred  to  under 
the  heading  (jf  intestinal  toxaemia. 

Now  as  to  the  frcfjuency  of  these  and  other  gastro-intestinal 
symptoms    in    the    cases    in    Dr.    French's    series.     Forty-five 
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out  of  sixty-eiglit  consecutive  cases  had  a  definite  record  of 
gastro-intestinal  symptoms,  including  diarrhoea,  vomiting, 
bihous  attacks,  etc.  Of  these  forty-five  no  less  than  twenty 
had  chronic  or  recurrent  diarrhoea,  which  I  liave  referred 
to  as  a  very  important  diagnostic  symptom  in  achlorhydria. 
Seven  patients  had  symptoms  dating  back  for  five  years  or  more 
before  the  onset  of  the  anirmia.  Thus  Case  5,  aged  57,  had  a 
history  of  abdominal  pains  and  diarrhoea  since  the  age  of  13; 
Case  7,  aged  44,  had  suffered  from  diarrhoea  since  the  age  of  19 ; 
Case  8,  aged  51,  had  had  attacks  of  diarrhoea  since  he  was 
25;  Case  11,  aged  56,  had  diarrhoea  with  blood  starting  five 
years  before  the  first  anaemia;  Case  17,  aged  50,  had  diarrhoea 
starting  seven  years  before;  Case  36,  aged  32,  had  diarrhoea 
starting  seven  years  before ;  and  Case  38  said  his  "  bowels  were 
loose  ever  since  he  could  remember." 

These  histories  and  clinical  manifestations,  therefore,  seem  to 
supplement  the  laboratory  finding  that  achylia  is  an  important 
feature  of  Addison's  anaemia  and  to  support  the  theory  that  it 
very  likely  precedes  the  development  of  the  an?cmia. 


V.  ACHYLIA  GASTRICA  IN  ADDISON'S  AX.EMIA 

By  A.  W.  M.  ELLIS,  M.B.,  Toronto.  Assistant  Director,  Medical  Unit. 
London  Hospital. 

It  is  to  me  a  great  pleasure  and  pri^^lcge  to  be  present  at 
this  discussion  of  Addison's  ana?mia  in  Addison's  old  hospital. 
It  is  surprising  how  little  has  been  added  to  our  knowledge  of 
the  disease  since  the  original  description  by  Addison.  Tlie  most 
important  contribution  since  that  time  has  been  perhaps  the 
demonstration  of  the  almost  constant  association  of  achylia 
gastrica  with  this  type  of  ana^nia,  and  it  is  on  this  point  tliat 
I  should  like  to  touch  briefly. 

My  colleague.  Dr.  Maitland-Jones,  has  just  finished  review- 
ing the  cases  of  Addison's  an«mia  admitted  to  the  London 
Hospital  since  1910,  about  one  hundred  and  thirty  in  all. 
Gastric  analysis  had  been  done  in  thirty-six  of  these,  and  of 
these  thirty-six,  in  only  one  was  free  hydrochloric  acid  present, 
and  in  this  patient  the  diagnosis  was  open  to  grave  doubt. 

In  a  recent  paper  in  the  Johns  Hopkins  Hospital  Bulletin, 
Levinc  and  Ladd  reported  the  results  of  gastric  analysis  in  one 
hundred  and  seven  cases  of  Addison's  ananiia.  In  only  one 
definitely  accepted  case  was  free  hydrochlorie  aeid  })resent. 
In  one  patient  the  anacidity  was  discovered  and  recorded  three 
years    before   any   evidence   of  ananiia   made   its   appearance. 
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I.evine  and  Ladd  cousidor  tho  alteration  in  gastric  secretion 
an  even  more  constant  jilienoincnon  oi'  the  disease  than  the 
typical  blood  chanocs. 

A  point  of  clinical  interest,  which  has  not  been  mentioned 
this  afternoon  and  which  Avas  noted  l)y  both  Maitland-Jones 
and  Levinc  and  Ladd.  was  the  great  frequency  of  grey  and  white 
hair  in  this  condition. 


VI.  THE  CHANGES  IN  THE  SPINAL  CORD  IN 
ADDISON'S   ANEMIA 

By  C.  P.  SYMONDS,  M.D. 

Ix  connection  with  the  pathological  changes  occurring  in 
the  spinal  cord  in  cases  of  Addison's  anieniia  I  think  we  should 
be  careful  to  avoid  the  use  of  the  term  "  sclerosis,"  since  this 
is  an  inaccurate  description  of  the  microscopical  picture. 
Actually  there  is  no  such  increase  of  the  neuroglial  elements 
as  occurs  in  tabes  and  disseminated  sclerosis.  The  cord  is 
therefore  not  shrunken  as  it  is  apt  to  l)e  in  these  diseases,  but 
is  of  a  normal  size  and  ma}^  even  appear  slightly  swollen. 

The  pathological  process  appears  to  begin  with  degeneration 
of  the  nerve  fd)res,  both  myelin  sheaths  and  axis  cylinders, 
and  this  is  manifested  earliest  in  the  centre  of  the  posterior 
and  the  lateral  columns  at  about  the  mid-dorsal  level.  There 
are  none  of  the  changes  in  or  around  the  blood  vessels  which 
we  are  accustomed  to  find  in  inflanunatory  lesions  of  the 
central  nervous  system. 

'  So  far,  therefore,  as  we  can  judge  from  the  histological 
picture,  the  morbid  process  is  one  of  primary  degeneration, 
and  the  term  "  sub-acute  combined  degeneration  "  would 
seem  to  be  the  most  appropriate  title  for  the  disease.  The 
condition  may  occur  in  the  course  of  other  illnesses,  such  as 
the  cachexia  of  malignant  disease  and  the  leukaemias,  but  is 
only  rarely  found  in  such  circumstances,  being  almost  always 
associated  with  Addison's  anaemia. 

It  is  of  interest  to  note  in  these  latter  cases  that  in  a  number 
of  instances,  in  which  the  progress  of  the  disease  has  been 
carefully  followed  from  its  earliest  symptoms  to  the  fatal 
termination,  the  signs  and  symptoms  of  the  affection  of  the 
spinal  cord  have  definitely  preceded  any  abnormality  in  the 
blcjod  picture. 

On  the  other  hand,  there  arc  the  cases  in  which  signs  of 
nervous  disease  first  make  their  appearance  some  time  after 
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it  has  been  possible  to  make  the  clinical  diagnosis  of  Addison's 
anaemia  on  other  grounds. 

It  would  seem  therefore  that  the  combined  degeneration 
cannot  be  secondary  to  the  Addison's  ana:>mia,  but  tliat  both 
result  from  injury  by  some  unknown  poison  with  a  selective 
incidence  upon  spinal  cord  and  bone  marrow.  It  is  perhaps 
of  interest  to  note  that  combined  degeneration  of  the  posterior 
and  lateral  columns  also  occurs  in  ergotism,  pellagra,  and 
lathy rism — diseases  which  are  all  related  to  disturbances  of 
gastro-intestinal  origin. 

As  to  the  frequency  of  nervous  sjmiptoms  in  the  case  of 
Addison's  anaemia,  there  is  considerable  diversity  of  opinion. 
Neither  Addison  himself,  nor  the  other  earlier  writers  upon 
pernicious  anaemia,  made  mention  of  nervous  symptoms ; 
and  the  recognition  of  the  characteristic  clinical  signs  resulting 
from  sub-acute  combined  degeneration  dates  only  from  the 
beginning  of  the  present  centurj^ 

The  signs  in  man}'  cases  are  of  a  trivial  nature  in  comparison 
with  the  severity  of  the  general  illness  and  may  readily  be 
missed  by  one  who  is  not  on  the  look-out  for  them.  It  is 
important  to  inquire  in  every  case  for  the  earliest  symptoms, 
which  as  a  rule  take  the  form  of  paraesthesiae  in  the  extremities 
— tingling,  pins  and  needles,  or  numbness  in  the  feet  and  in 
the  finger  tips,  somewhat  resembling  those  complained  of  in 
cases  of  polyneuritis. 

When  these  points  are  carefully  inquired  for  and  a  routine 
neurological  examination  is  made  in  every  case  of  Addison's 
ana^uia,  the  percentage  of  patients  showing  nervous  symptoms 
appears  to  be  high.  Woltmann  in  1919  reporting  150  cases 
of  pernicious  anamiia  from  the  Mayo  Clinic,  states  that  nervous 
symptoms  were  present  in  80  per  cent. 


VII.  SOME  BIO-CHEMICAL  OBSERVATIONS  IN 
ADDISON'S   AN.EMIA 

By  J.  H.  RYFFEL,  M.B. 

1.  Clotting  Time 

A  CHARACTERISTIC  in  Addison's  anaemia  as  distinct  from 
secondary  anaemias  is  that  the  clotting  time  is  delayed,  liy 
Dale  and  Laidlaw's  method  the  time  of  clotting  is  fouiul  to 
be  usually  about  130  seconds  at  37°  C.  instead  of  the  normal 
100  to  110  seconds. 
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2.   The  AcJnjUa  of  Addison's  Ana'))}ia 

The  achylia  of  Atldisoii's  aiicTmia  is  a  true  achylia  in  that 
not  t)nly  is  no  Iroe  hydrochloric  acid  developed  in  the  gastric 
contents,  but  the  contents  are  not  even  acid  to  congo  red. 
In  my  experience,  when  a  case  of  marked  anaemia  does  not 
show  achylia,  there  are  also  other  characteristics  which 
differentiate  the  case  from  one  of  Addison's  anaemia. 

3.   Urobilin  in  Urine  and  Fevers 

Sir  William  Ilale-White  referred  to  the  occurrence  of 
urobilin  in  the  urine  of  these  cases.  This  is  a  variable  sign. 
In  some  phases  it  may  be  well  marked,  but  more  commonly 
it  is  scarcely  more  than  in  the  normal,  and  certainly  not  as 
marked  as  in  many  other  conditions.  Excess  of  the  same 
pigment  in  the  fjicces  pointing  to  excessive  destruction  of 
blood  pigment  is  probably  more  characteristic,  but  the  important 
point  is  an  increased  daily  output  of  the  pigment,  and  not  a 
high  proportion  in  a  specimen  of  faeces,  as  this  might  be  due 
to  constipation. 

4.  The  Effects  of  Transfusion 

The  use  of  transfusions  of  blood  is  analogous  to  the  use 
of  arsenic  in  that  it  appears  to  act  merely  by  stimulating  the 
production  of  red  cells.  As  a  direct  result  of  transfusion  an 
increase  in  lux'moglobin  of  10  per  cent,  is  all  that  can  reason- 
ably be  expected.  This  is  followed  in  some  cases  by  a  pro- 
gressive rise  in  lurmoglobin,  which  is  diflicult  to  account  for, 
unless  one  supposes  that  the  transfusion  serves  to  break  a 
vicious  circle.  In  these  cases  the  blood-forming  tissues  have 
presumably  undergone  hypertrophy  but  are  in  some  way 
handicapped  by  the  deficiency  of  lucmoglobin  in  circulation. 
A  sudden  rise  in  hiemoglobin  relieves  this  disability  and  blood 
formation  is  encouraged. 
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VIII.   THE   BLOOD   AND   GASTRIC   JUICE   IX 
ADDISON'S   ANEMIA 

By  E.  P.  POULTON,  M.D. 

The  Meaning  of  a  High  Colour-Index 

The  results  of  Dr.  Campbell  and  other  workers  in  this  Held 
are  in  my  opinion  of  great  importance,  beeause  tliey  give  a 
definite  physieal  meaning  to  the  term  ''  colour-index/'  This 
expression  indicates  whether  each  individual  corpuscle  contains 
more  or  less  than  the  normal  quota  of  haemoglobin,  aec(jrd- 
ing  as  it  is  greater  or  less  than  unity.  There  have  ahvavs 
been  two  possible  explanations  of  this  fact:  (1)  that  tlie 
corpuscles  differed  in  the  concentration  of  their  iia'mogloljin, 
and  (2)  that  the  corpuscles  merely  varied  in  size.  \Ve  now  know 
that  since  the  "  volume-index  "  and  "  colour-index"  run  almost 
parallel  to  one  another,  the  colour-index  merely  expresses  the 
average  size  of  the  corpuscle.  In  Addison's  anaemia  they  are 
as  large  or  larger  than  normal,  in  chlorosis  and  secondary  anaemia 
they  are  smaller  than  normal,  beeause  the  colour-index  is  less 
than  unity.  However,  tlie  eoloiu'-index  and  ^■olunle-indcx 
cannot  be  regarded  as  identical.  There  are  slight  differences 
between  them  in  individual  eases,  whicli  may  ])e  rather  outside 
the  limits  of  experimental  error.  Such  differences  may  well 
be  due  to  alteration  in  the  fluid  content  of  the  corpuscles,  \\  liich 
would  alter  the  concentration  of  the  hjemoglobin  slightly,  in 
the  same  way  that  other  cells  of  the  body  no  doubt  \ary  from 
time  to  time  in  the  amount  of  fluid  they  contain.  Nevertheless 
the  outstanding  fact  remains  that  variations  in  the  colour-index 
in  different  diseased  states  of  the  blood  represents  almost 
entirely  variations  in  the  size  of  the  corpuscles. 

From  this  it  follows  that  in  the  ana?mia  following  luemorrhage 
the  corpuscles  are  small,  and  this  no  doubt  represents  the 
reaction  of  healthy  marrow  when  called  upon  to  regenerate 
blood  rapidly.  The  small  corpuscles  can  be  formed  (piieker 
than  large  ones,  and  there  is  the  additional  advantage  to  the 
organism  that  with  small  corpuscles  the  surface  area  is  increased 
per  unit  volume  of  corpuscular  substance.  This  would  faeih'tate 
the  interchange  of  oxygen  and  other  substances. 

Addison's  anaemia,  with  its  large  corpuscles,  affords  a  sliarp 
contrast  with  the  preceding  condition.  We  know  thcrr  is 
abnormal  blood  destruction  in  Addison's  ana-mia.  If  the 
marrow  were  healthy  it  would  respond  with  small  cells.  The 
cells  are  large  in  spite  of  the  aniemia.     Hence  tlure  nnist    \\v 
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abnormal  action  on  tlu"  part  of  the  marrow.  It  might  1)0  argued 
that  then'  arr  two  indejicndent  processes,  increased  blood 
destruction  and  abnormal  blood  regeneration.  It  is  j)erhaps 
safer  to  assume  that  one  follows  the  other,  viz.  that  in  this 
type  of  disease  the  marrow  is  prinuirily  at  fault,  and  that  the 
blood  destruction  follows,  because  the  red  cells  are  made 
imperfectly. 

Chlorosis  is  a  different  problem,  because  here  the  cells  are 
snuill  and  yet  there  is  no  blood  destruction.  It  can  perhaps  be 
explained  on  Lorrain  Smith's  hypothesis  that  the  volume  of 
the  blood  plasma  is  increased  in  thi  disease.  This  would  be 
eqiu\alent  to  an  anaemia,  and  the  narrow  would  naturally 
respond  by  producing  small  cells. 

The  Gastric  Juice  hi  Addison's  ^Inainia 

The  relation  of  anaemia  to  the  hydrochloric  acid  of  the 
gastric  juice  is  a  question  that  has  been  debated  for  years. 
Strauss  reviewed  the  subject  in  Von  Xoordcn's  Pathologic  dcs 
Stoffii'echscls  (Vol.  I,  p.  925)  in  1907,  and  gives  twenty-one 
references  to  work  done  on  the  subject.  It  seems  pretty  well 
established  that  there  is  nearly  always  absence  of  free  hydro- 
chloric acid  in  the  gastric  juice  in  Addison's  anaemia  and  hypo- 
chlorhydria  in  secondary  anaemia,  while  variable  results  have 
been  obtained  in  the  gastric  juice  in  chlorosis.  Two  interesting 
facts  are  mentioned  :  (1)  that  bleeding  an  animal  inmiediately 
diminished  the  hydrochloric  acid,  and  (2)  that  there  was  an 
increase  of  hydrochloric  acid  during  temporary  improvement 
in  a  case  of  pernicious  anaemia  (Hloeh).  In  this  connection 
mention  may  be  made  of  a  series  of  cases  published  by  Levine 
and  Ladd  in  the  Johns  Hopkins  Bulletin.  As  they  were  much 
struck  with  the  existence  of  aehlorhydria  in  pernicious  anaemia, 
they  collected  "  all  possible  cases  of  pernicious  anaemia  "  in 
the  Peter  Bent  Brigham  Hospital,  to  investigate  the  relationship 
further. 

The  large  number  of  cases  (l-l-S)  observed  in  the  course  of  a 
few  years  is  remarkable,  because,  in  this  country  at  any  rate, 
Addison's  anaemia  is  not  a  very  conuiion  disease.  Further,  they 
state  that  during  the  period  covered  by  this  series  of  143  cases, 
401  cases  of  lobar  pneumonia  were  also  observed,  a  very  high 
ratio  for  the  former.  Post-mortems  were  obtained  on  only  11 
cases  out  of  the  107  who  died,  but  no  mention  is  made  of  the 
criteria  on  wdiich  the  post-mortem  diagnosis  w^as  based.  The 
colour-index  is  not  given  for  any  of  the  cases.  On  looking  at  the 
details  of  some  of  the  cases  it  is  difficult  to  see  why  the  diagnosis 
was  made.     Case  18  would  seem  much  more  likely  to  be  one 
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of  cancer  o\'  the  stoniacli.  Case  3G  was  seen  in  lOlo.  was  doino; 
heavy  work  in  1917,  and  feels  well  in  1920.  Case  (Jl  had  a 
hfenioglobin  percentage  of  SO  in  1915  and  was  al)out  the  same 
in  1918.  These  are  a  few  eases  picked  out  at  random.  It 
seems  difficult  not  to  imagine  that  some  of  the  cases  may  have 
had  annemia  from  other  causes,  and  if  this  is  the  case  the  series 
affords  valua])le  confirmation  of  the  thesis  that  ana'mia  itself 
leads  to  hypochlorh\(lria. 

There  is  at  present  no  satisfactory  theory  of  the  formation 
of  the  gastric  juice.  If  hydrochloric  acid  is  secreted  into  the 
stomach,  the  problem  is  to  find  some  acid  in  the  l)lood  with 
which  the  base  formerly  combined  with  the  hydrochloric  acid 
can  combine.  ^Vithout  such  an  acid  to  take  the  place  of  the 
hydrochloric  acid  it  is  ob\ious  that  the  blood  would  l)ccome 
highly  alkaline.  Cam})bell  and  Joffe  and  I  *  showed  that  there 
was  a  free  acid  present  in  the  blood,  which  was  capable  of  taking 
up  eomparati\  el\'  large  amounts  of  base,  viz.  oxyha?moglobin. 
Without  going  into  speculation  as  to  the  exact  mechanism 
involved,  it  seems  that  this  suggestion  fits  in  admirably  with  the 
relationship  of  hypochlorhydria  and  anaemia. 

It  is  also  possible  to  explain  why  in  Addison's  anaemia  the 
effect  on  the  hydrochloric  acid  secretion  is  more  marked  than 
in  secondary  anaemia.  Since  the  cells  in  Addison's  anaemia  are 
large,  while  in  secondary  anaemia  they  are  small,  there  is  a 
larger  cell  surface  in  the  latter  case,  as  already  explained.  This 
would  facilitate  the  migration  of  base  into  the  cells  to  combine 
with  haem()glol)in  and  so  help  in  the  production  of  hydrochloric 
acid.  The  hydrochloric  acid  of  the  gastric  juice  would  not  be 
so  much  reduced  in  amount.  The  two  factors,  diminution  ol 
haemoglobin  and  diminution  of  the  size  of  the  cells,  act  in  the 
contrary  direction  to  one  another,  one  diminishing  the  hydro- 
chloric acid  and  the  other  increasing  it.  It  is  possible  to  imagine 
a  condition  in  which  the  second  factor  predominated,  and  then 
the  hydrochloric  acid  might  be  increased,  c\en  though  there  was 
anaemia.  This  might  explain  those  cases  of  chlorosis  in  whieh 
hyperchlorhydria  was  found.  In  otlier  cases  where  the  formiT 
factor  was  predominant  the  acid  would  be  low.  Some  sup})<>rt 
is  given  to  this  theory  by  what  has  been  shown  by  London  and 
Sokoloff  (Von  Xoorden,  loc.  cit.)  to  occur  when  an  animal  is  bled. 
There  is  at  first  a  hypochlorlndria,  and  after  two  or  three  weeks 
a  hyperchlorhydria.  Then  the  acid  falls  to  normal.  The  stage 
of  hypochlorhydria  would  correspond  to  the  stage  of  blood 
regeneration  when  the   blood  was  receiving  large  numbers  of 

*  JoflFe  and  E.  P.  Poulton  :  Joimi.  Phi/siol..  liv.  O,  1920;  CauipbtU  and 
E.  P.  Poulton  :  Joiirn.  Physiol.,  liv.  152,  1920. 
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small  fclls,  though  the  percentage  ol"  haemoglobin  \v()ukl  still 
be  below  normal.  Ameniia  then  leads  to  hypoclilorhydria,  but 
it  is  possible  that  some  other  I'aetor  may  also  be  i)resent  in 
Addison's  anaemia.  It  has  ])een  known  for  a  long  time  that 
atrophy  of  the  gastrie  nuicons  membrane  occurs  in  pernicious 
ana^nia.  Sophie  Ilerzberg.*  as  the  result  of  Ncry  careful  work, 
considers  that  the  anaemia  is  not  secondary  to  the  stomach 
changes,  but  that  both  tlic  anaemia  and  the  atrophy  may  be  due 
to  the  same  cause.  One  of  her  cases,  who  died  in  about  six 
months,  had  a  normal  \  alue  for  hydrochloric  acid  in  the  gastric 
juice,  and  the  oxyntie  cells  were  not  nnich  altered.  The  cases 
of  long  standing  that  she  investigated  all  had  achlorhydria,  and 
there  was  marked  atrophy  of  the  mucous  membrane  and  absence 
of  oxyntie  cells. 

This  whole  question  of  achlorhydria  is  complicated  by  the 
fact  that  regurgitation  from  the  duodenum,  w'hich  Boldyreff 
showed  to  be  a  normal  phenomenon,  will  itself  diminish  the 
hydrochloric  acid  of  the  gastric  juice,  since  the  regurgitated  fluid 
is  alkaline.  Hurst  has  argued  that  the  achlorhydria,  however 
produced,  may  permit  some  infection  to  get  past  the  stomach 
into  the  alimentary  tract  and  cause  the  disease.  This  question 
can  only  be  settled  by  finding  out  whether  the  achlorhydria, 
which  is  not  an  uncommon  condition,  always  precedes  the 
anaemia.  At  least  one  thoroughly  substantiated  case  of  pernici- 
ous anaemia  is  on  record  (Sophie  Herzberg),  where  undoubted 
free  hydrochloric  acid  was  present  in  the  gastric  juice. 

In  conclusion,  the  three  factors  tending  to  produce  the  well- 
known  achlorhydria  of  Addison's  anaemia  may  be  enumerated. 

(1)  The  an;cmia. 

(2)  A  possi])le  intoxication  of  the  gastric  mucous  membrane, 

which  also  produces  the  anaemia. 
(8)   Regurgitation  from  the  duodenum. 


IX.   THE   GASTRIC   MUCOUS   MEMBRANE   IN 
ADDISON'S   ANEMIA 

By  R.  M.  PASSEY,  M.D. 

Dr.  Passey  showed  a  section  of  the  fundus  of  the  stomach 
from  a  case  of  Addison's  anaemia,  the  material  having  been 
removed  at  operation. 

The  section  showed  (1)  the  presence  of  oxyntie  cells,  though 
perhaps  in  smaller  numbers  than   in  the  normal   subject;   (2) 

*  Sophie  Herzberg:    Virchow's  Archiv.,  cciv.  129,  1911. 
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evidence  of  inflammation,  the  openings  of  the  secreting  ducts 
being  choked  with  leucocytes ;    (3)  very  Httie  atrophy  indeed. 

Tlic  case  was  one  of  Atldison's  anaemia  witli  the  typical  blood 
picture,  with  nucleated  red  corpuscles  and  a  high  colour-index. 
There  was  no  free  hydrochloric  acid  in  the  gastric  juice  one 
hour  after  a  test-meal. 

He  also  showed  a  section  of  the  fundus  of  the  stomach  of  a 
case  of  achylia  without  Addison's  anaemia,  the  material  having 
been  obtained  at  an  operation  for  chronic  appendicitis. 

Oxyntic  cells  were  present  in  apparently  normal  numbers, 
but  there  were  quite  marked  inflammatory  changes  in  the 
mucous  membrane.  Free  hydrochloric  acid  subsequently 
appeared  in  the  patient's  gastric  contents. 

Lastl}',  he  showed  sections  of  the  stomach  of  two  eases  of 
Addison's  anicmia,  obtained  post-mortem.  From  one,  a  woman 
aged  42,  with  four  months'  history,  sections  of  the  cardia,  fundus 
and  pyloric  portion  of  the  stomach  were  shown.  No  oxyntic 
cells  were  seen,  and  there  was  marked  atrophy  of  the  nuieous 
membrane,  this  being  most  severe  at  the  cardia  and  least  at 
the  pyloric  end,  even  after  due  allowance  had  been  made  for 
post-mortem  degeneration.  No  test-meal  had  been  given. 
The  blood  picture  was  a  typical  one,  with  nucleated  red  cells, 
a  red  cell  count  of  800,000  per  c.mm.,  h8emoglol)in  15  per  cent., 
and  colour-index  0-91.  There  was  no  iron  reaction  in  the  li\"cr 
or  spleen. 

Of  the  other  case,  a  man  aged  62,  with  three  months"  liistory, 
a  section  of  the  fundus  was  shown.  Atrophy  was  not  a  very 
marked  feature.  Oxyntic  cells  were  present,  A  very  marked 
iron  reaction  was  given  by  liver  and  spleen.  After  a  water- 
gruel  test-meal  free  hydrochloric  acid  had  been  present.  Red 
cells  numbered  1,083,333  per  e.nmi.,  ha;moglobin  was  30  per 
cent.,  and  the  colour-index  1-3.  No  nucleated  red  cells  were 
found  in  the  one  blood  examination  made.  In  ncitlicr  of  these 
two  eases  was  inflammation  a  feature. 

Spirochsetes  were  looked  for  in  the  stomachs  of  the  three 
cases  of  Addison's  anaemia  and  in  tlie  liver  and  spleen  of  the 
last  case,  without  any  positive  results.  The  stains  used  were 
Giemsa's  and  Dobell's  modification  of  Levaditi's  silver  mtthc.d. 


THE  LATE  RESULTS  OF  OPERATION  IN  CASES 
OF   GASTRIC   AND   DUODENAL   ULCER 

By  J.  J.  CONYBEARE,  M.B.,  Medical  Registrar,  Guy's  Hospital. 

In  spite  of  the  fact  that  operative  treatment  of  gastric  and 
duodenal  ulcer  has  been  practised  for  over  twenty  years,  there 
is  still  considerable  divergence  of  opinion  as  to  the  respective 
merits  of  surgical  and  medical  treatment.  The  present  in- 
vestigation into  the  after-histories  of  operated  cases  was  initiated 
mainly  as  an  attempt  to  determine  to  what  extent  symptoms 
had  been  permanently  relieved  by  operation.  Needless  to  say 
similar  investigations  have  been  carried  out  by  others,  but  the 
conclusions  have  varied  widely.  Thus  May  ^  in  a  series  of 
cases  published  in  1910  fmds  about  60  per  cent,  of  cures,  whereas 
others  find  a  percentage  of  cures  up  to  90  per  cent.  It  must  be 
remembered,  however,  that  surgical  statistics  are  often  largely 
based  on  the  results  in  cases  operated  on  in  the  course  of  private 
practice,  whereas  the  present  inquiry,  like  that  of  May  at  the 
Middlesex  Hospital,  deals  only  with  hospital  patients.  Naturally 
the  latter  class  is  far  less  likely  to  have  satisfactory  after- 
treatment,  and  is  therefore  less  likely  to  give  a  high  percentage 
of  'cures. 

The  present  figures  are  based  on  the  reports  of  one  hundred 
and  ninety  patients  operated  on  at  Guy's  Hospital  between  the 
years  1910  and  1915  inclusive,  who  left  the  hospital  alive  and 
relieved.  No  case  has  been  taken  into  the  series  in  which  the 
notes  did  not  specify  clearly  the  condition  found  at  operation 
and  the  nature  of  the  operation  performed.  Otherwise,  with 
the  exception  of  perforated  ulcers,  all  cases  have  been  included, 
so  that  the  series  may  be  regarded  as  unselected.  All  the  patients 
were  ordinary  hospital  cases  treated  in  the  general  wards. 

The  nature  of  the  operative  measures  employed  varied 
widely  from  the  ordinary  gastro-jejunostomy  on  the  one  hand 
to  colectomy  on  the  other.  Naturally,  however,  gastro- 
jejunostomy was  the  operation  performed  far  more  frequently 
than  any  other.  After  gastro-jejunostomy  simple  excision  of 
the  ulcer  is  next  in  the  number  of  cases,  while  all  other  operations 
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were  i'clati\c'Iy  inrrt-'ciucnt.     Tlu-  mmilx^r  of  times  each  operation 
was  performed  is  sliowii  in  Table  L 

TABLE  I. 


Gastro-jejunostomy    .... 
Excision  of  ulcer         .... 
Excision  of  ulcer  and  gastro-jcjunostoiny 
Other  operations         .... 


tage. 


150 

79 

1.3 

G 

3 

21 

11 

Other  operations  in  Table  L  ineliule  ileo-sigmoidostomv, 
colectomy,  partial  gastrectomy,  gastroplasty,  and  invagination 
of  ulcer,  but  the  total  number  of  times  each  of  these  operations 
was  performed  is  so  small  that  no  deductions  can  be  drawn  as  to 
their  success  or  otherwise. 

Operative  MortaUtij 

No  exact  figures  are  available  of  the  operative  mortality,  as 
the  only  cases  accepted  for  the  present  series  were  those  in  wjiich 
the  clinical  notes  were  sullieiently  full  to  give  exact  information 
about  the  condition  found  at  operation  an<l  the  j)ro('((lure 
adopted.  C'onse(juently  there  were  many  apparently  sueeessful 
cases  of  gastro-jejunostomy  and  other  operations  excluded  from 
the  series  on  the  above  grounds.  The  mortality  in  hospital 
among  cases  in  which  gastro-jejunostomy  was  performetl,  and 
in  whom  delinitc  ulcers  were  proved  to  be  present  either  at 
operation  or  autopsy,  was  '.)  per  cent.  Prol)al)ly,  however,  if 
all  the  other  cases  done  during  the  years  in  (piestion  were  addt  <1 
the  mortality  would  not  be  found  to  exceed  5  per  cent.  \N  lu  ii 
it  is  remembered  that  the  operations  were  all  done  over  seven 
years  ago  and  are  not  the  results  of  any  oni-  snrgcon  spieialising 
in  gastro-intestinal  work,  the  mortality  does  not  appear  unduly 
high.  Naturally  in  the  case  of  more  severe  oj)erations,  such 
as  colectomy  and  ileo-sigmoidostomy,  the  mortalit\-  ligures  are 
higher. 

-/^'r  (md  Sex  Incidence 

Although  outside  the  original  seopi-  of  fin-  in\  estigation,  it 
may  be  interesting  t(»  compare  the  age  and  sex  incidence  in  the 
present  scries  with  the  lindings  in  the  long  series  of  eases 
recorded  by  the  Mayo  Clinic-  In  the  case  of  gastric  nie(  is  the 
average  age  in  males  at  which  operation  was  p<  rfonncd  is 
\2  years,  and  in  fiinalcs  H.  The  corresj)oiuling  ligurcs  for  the 
Mayo  Clinic  ar<'  1-7  and   ttT.      In  t  he  ease  of  duodenal  niccrs  t  he 
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inerage  age  in  this  scries  in  males  is  43  years,  Avhieh  exactly 
corresponds  a\  itii  the  liourr  oiven  by  the  Mayo  Clinic  in  a  series 
of  814  cases. 

As  far  as  sex  ineiclenec  is  concerned  duodenal  ulcer  occurred 
in  females  in  four  cases  only  out  of  forty-seven ;  i.  e.  over  90  per 
cent,  of  the  duodenal  ulcer  cases  were  in  males.  The  corre- 
sponding jNIayo  Clinic  ligure  is  77  per  cent.  Among  males,  on 
the  other  hand,  there  is  in  this  series  no  example  of  hour-glass 
contraction  of  the  stomach.  In  three  series  of  cases  of  hour- 
glass stomach,  quoted  by  A.  F.  Hurst  and  R.  P.  Rowlands  ^  out 
of  one  hundred  cases,  only  fifteen  occurred  in  males. 

Localisation  of  the  Ulcer 

The  information  in  the  case  reports  as  to  the  exact  site  of  the 
vdcer  is  not  always  very  explicit.  It  is  convenient  to  group 
them  in  three  classes,  (1)  ulcers  of  the  stomach,  (2)  duodenal 
ulcers,  (3)  j)yloric  ulcers.  It  is  probable  that  few  of  those  falling 
under  tlie  third  heading  really  involved  the  pylorus  itself,  the 
majority  being  either  duodenal  or  gastric  ulcers  extremely  close 
to  the  pylorus.  As,  however,  there  is  no  means  of  classing  them 
correctly,  they  have  been  grouped  together  as  pyloric  ulcers. 
Table  II.  gives  the  number  of  each  class  of  ulcer  found  in  the 
present  series  and  also  in  fatal  cases,  on  whom  post-mortems 
w^ere  made  after  operation. 

TABLE  II. 


Total  number. 

Percentage  of  total 
cases. 

Gastric  Ulcer         ..... 
Duodenal  Ulcer     ..... 
Gastric  and  Duodenal  Ulcers  . 
Pyloric  Ulcers        ..... 

109 
51 

4 
52 

50-3 

23-6 

1-9 

24-2 

If  these  figures  arc  coiiipared  with  tliose  of  the  far  larger 
series  of  cases  recorded  by  the  Mayo  Clinic,*  it  will  be  seen  that 
the  proportion  of  duodenal  ulcers  in  the  present  series  is  dis- 
tinctly low.  For  the  years  1910  to  1915  at  the  Mayo  Clinic 
70  per  cent,  of  the  cases  were  duodenal  and  only  30  per  cent, 
gastric.  Even  if  a  proportion  of  the  cases  classed  as  pyloric 
in  this  series  were  really  duodenal,  it  would  still  appear  that  the 
proportion  of  duodenal  ulcers  in  the  present  series  is  distinctly 
low.  A  possible  explanation  of  this  fact  may  be  that  a  larger 
proportion  of  duodenal  than  of  gastric  ulcers  are  treated  at 
Guy's  Hospital  by  medical  means. 
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System  of  Classification  of  Aficr-Iiistorics 

To  all  patitiits  in  the  scries  a  letter  was  sent  reqiiestinfr  tlieni 
to  fill  up  a  printed  iorni,  consisting  of  a  number  ol"  questions 
about  their  health  after  leaving  hospital.  In  the  eases  where  a 
reply  was  reeeixed  an  attc-inpt  was  made  to  see  the  patient 
personally,  though  in  many  eases  this  tlid  not  prove  t(j  be 
practicable.  In  a  proportion  of  eases  who  were  seen  at  the 
hospital,  x-ray  examinations  were  made,  and  also  in  some  cases 
a  fractional  test-meal  was  performeti.  The  results  of  these 
examinations  are  discussed  later. 

The  length  of  time  that  intervened  between  the  oj)eration 
and  the  receipt  of  information  about  the  health  of  the  patient 
varied  from  eleven  years  to  two  years.  In  70  per  cent,  of  the 
cases  traced  the  operation  had  been  performed  over  six  vears 
previously,  and  in  t)nly  2  per  cent,  of  eases  was  the  period  of 
observation  less  than  three  years. 

An  attempt  has  been  made  to  classify  the  patients  from 
whom  replies  were  recc  ived  into  four  groups  as  follows  - 

Group  A.      Those  with  no  digestive  symptoms  of  an\-  kind 

since  their  operation. 
Group  H.     Those  with  slight  abdominal  symptoms,  or  who 

need    to    diet    themselves,     but     who    ha\'e    no    se\ere 

symptoms. 
Group  ('.     Those  who  are  relieved  to  somi-  extent,  but  who 

are  still  subject  to  recurrence  of  the  symj)toms  lor  which 

they  underwent  operation, 
(iroup  D.     Those  whose  symptoms  have  been  but  little  if  at 

all  relieved,  or  in  whom  further  operations  were  necessary. 

In  addition  to  tlu-  eases  which  fall  into  the  abo\  <•  four  groujis 
a  certain  number  of  j)atients  were  ascertained  to  lia\i'  died 
between  the  date  of  ojxration  and  the  receipt  oi"  the  incpiirx- 
into  their  condition.  This  was  the  ease  in  twinty  out  of  the 
190  cases  in  the  series  or  about  10  per  cent.  Taking  into 
accoimt  the  fact  that  the  average  age  of  the  pat  lints  was  oxer 
40  years  at  the  time  of  operation,  the  nnmi)er  of  deaths  sub- 
secpient  to  operation  is  probably  lint  little  higher  than  it  would 
be  among  a  grouj*  <»t'  the  general  population  of  similar  age. 
Rather  similar  results  were  obtained  by  an  investigation  into  the 
life  exjxctaney  of  patients  operated  on  for  gastric  and  duodenal 
ulcer  at  the  May(»  (  linic.'' 

Of  the  tw(Mly  |)t  rsons  ascertained  to  ha\e  died,  in  six  eases 
death  a|)peared  to  hax'e  been  due  t<>  gastric  disease,  or  at  an\' 
rate    with    s\iiiploms    similar    in    kind    lo    llmsi'    for    wliieli    the 
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patient  underwent  ()})eratit)n.  In  lour  out  ol"  tlic  six  cases 
death  was  undoubtedly  tlue  to  gastric  carcinoma.  The  ])eriod 
that  elapsed  between  the  operation  in  Guy's  Hospital  and  death 
was  in  two  cases  two  years,  in  one  case  a  year  and  ten  months, 
and  in  one  case  ten  months.  In  all  I'our  cases  gastro-jcjunostomy 
hail  been  perl'ormed  without  excision  of  the  ulcer.  Three  of 
the  above  cases  had  less  than  a  year's  liistory  ol"  gastric  symptoms 
lietore  operation  and  may  reasonably  be  regarded  as  cases  of 
primary  gastric  carcinoma.  The  fourth  had  six  years'  history 
of  pain,  \'omiting.  and  luematemesis,  and  was  certainly  a  case 
of  carcinoma  supervening  on  a  chronic  ulcer. 

One  other  case  died  with  gastric  symptoms  suggestive  of 
carcinoma  four  years  after  operation.  The  sixth  case  died  in 
St.  Thomas's  Hospital  ^vith  a  gastro-colic  fistula,  six  years  after 
a  gastro-jcjunostomy. 

Of  the  remaining  fourteen  cases  ascertained  to  iiave  died  the 
cause  of  death  was  unknown  in  seven  cases.  In  the  remaining 
seven  cases  two  cases  died  of  pneumonia,  and  one  case  of  each 
of  the  following  diseases,  plithisis,  cerebral  thrombosis,  heart 
failure,  general  paralysis,  and  Addison's  anaemia. 

TJie  After-historij  of  Traced  Cases 

Of  the  190  cases  in  the  series,  twenty  patients,  as  stated 
above,  were  found  to  have  died  subsequent  to  operation.  Of 
the  remaining  170  cases  108,  or  57  per  cent.,  were  traced. 
Althougli  this  percentage  may  appear  low  it  must  be  remembered 
that  twenty  cases,  or  10  per  cent.,  were  found  to  have  died,  this 
bringing  the  total  percentage  to  C7  per  cent.  When  the  fact 
that  the  War  intervened  between  the  date  of  operation  and  the 
inquiry  is  taken  into  account  the  results  do  not  seem  so  very 
unsatisfactory. 

The  108  traced  cases  are  distributed  into  Groups  A,  B,  C,  and 
1),  as  follows — 

Groii])  A.  41  cases  .  .  .38  per  cent. 

Group  H.  28  cases  .  .  .20  per  cent. 

Group  C  2.3  cases  .  .  .21  per  cent. 

Group  D.  10  cases  .  .  .15  per  cent. 

Naturally  it  has  not  been  easy  to  assign  each  individual  case 
to  its  correct  category,  especially  in  the  cases  where  a  personal 
interview  was  not  possible.  Every  attempt  has,  howcv'cr,  been 
made  to  a\'oid  any  prejudice  in  the  grouping. 

Reviewing  the  figures  as  a  whole,  it  would  appear  that  some 
65  per  cent,  may  be  regarded  as  cured,  or  at  any  rate  very  much 
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better  after  operation,  wliile  the  remaining  35  per  eent.  either 
Iiave  had  reeurrenees  of  tlieir  symptoms  or  are  httle,  if  at  all, 
improved.  These  figures  approximate  very  elosely  to  the  smaller 
series  of  j)atients  who  were  followed  up  at  the  Middlesex  Hospital 
by  May.  They  dn  not,  however,  compare  fa\'ourably  with  the 
results  published  l)y  a  number  of  individual  surgeons.  It  nuist, 
howe\er,  be  remembered  that  the  present  series  ineludes  n(jne 
but  hospital  patients,  who  are  probal)Iy  more  subject  to  recur- 
rence of  symptoms  than  private  patients. 

Localisation  of  Ulcer  and  ^ificr-histurics 

From  the  results  of  the  present  inquiry  it  would  appear  that 
the  prognosis  after  operation  is  considerably  more  favourable 
in  eases  of  duodenal  and  pyloric  ulcers  than  in  those  of  the  body 
or  the  stomach.  Table  III.  shows  the  groups,  into  which  the 
cases  fell  according  to  their  after-history,  where  gastro-jejunos- 
tomy  was  performed. 

TABLE  III. 


Gastric  Ulcer 
Duodenal  Ulcer  . 
Pylori    r- 


No.  of  cases. 

30 
30 


Group  A. 

Group  B. 

<•-  ■ 

15 

8 

1) 

S 

1 

From  the  above  figures  it  will  be  seen  that  only  50  per  cent. 
of  operated  gastric  ulcers  fall  into  Groups  A  and  13  (completely 
cured  or  very  nmeh  better),  whereas  73  per  cent,  of  the  duodenal, 
and  72  per  cent,  of  the  pyloric  ulcers  come  into  these  categories. 
Hence  the  prognosis  after  gastro-jejunostomy  is  apparently 
much  better  in  duodenal  ulcers  or  in  those  near  the  pylorus.  In 
cases  where  pyloric  stenosis  was  present  the  residts  of  operation 
were  even  i)ctter,  as  over  80  per  cent,  of  cases  fall  into  Ciroups 
A  and  13.  The  type  of  case  which  tended  to  do  badly  with 
operation  was  the  lesser  curvature  ulcer. 

E.rrision  of  I  Uurs 

Excision  of  an  ulcer  without  gastro-jcjunostumy  was  per- 
formed in  liftcen  cases.  In  thirteen  out  of  these  the  ulcer  was 
on  the  lesser  curvature,  and  in  two  cases  on  the  posterior  wall 
of  the  stomach.  One  case  died  in  hos[)ital  some  weeks  after 
operation,  and  on  post-mortem  the  nnicous  meml)rane  was  found 
to  be  ulcerated  all  round  the  site  of  the  excision  o\(r  an  area 
of  2]  bvlj  inches.  There  had  been  nnieh  \  omiting,  and  dtath 
apparenlK    was  due  to  exhaustion.      Of  the  reiiiaiiiinj;  fourteen 
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cases  twelve  were  suecesst'ully  traced.  Of  these  only  tAvo  had 
remained  free  from  symptoms  after  operation.  Two  had  only 
sHght  abdominal  symptoms  and  fell  into  Group  R.  Of  the 
remaining  eight  cases,  six  were  classified  Group  D  and  two 
Group  C.  Although  the  total  number  of  cases  is  small,  the 
results  appear  very  unsatisfactory  as  regards  cure,  as  over 
two-thirds  of  the  traced  cases  suffered  from  recurrences  or  were 
not  improved  by  their  operation. 

Six  cases  in  the  series  were  treated  by  excision  of  the  ulcer 
and  gastro-jejunostomy.  Unfortunatel}'  onl}^  three  of  these 
cases  could  be  traced.  Two  were  completely  successful  and  the 
third  suffers  from  slight  abdominal  symptoms. 

Causes  of  Recurrence  of  Symptoms  after  Gastro-jejunostomy 

In  attempting  to  fathom  the  pathological  processes  which 
underlie  the  unsuccessful  cases  in  the  series  we  enter  upon  the 
most  difficult  part  of  the  subject.  It  is  naturally  only  in  the 
patients  who  have  actually  been  seen  and  examined  that  there 
can  be  any  hope  of  reaching  definite  conclusions  about  the 
cause  of  persistence  of  symptoms.  Even  so,  peptic  ulcers  are 
so  notoriously  subject  to  temporary  relapses  and  remissions 
that  the  patients  who  cam.e  up  to  the  hospital  for  examination 
often  did  so  at  periods  when  their  symptoms  had  abated. 
Further,  by  no  means  all  who  were  actually  seen  were  willing 
to  undergo  investigations,  such  as  test-meal  or  x-ray  examination. 
It  is  therefore  difficult,  if  not  impossible,  to  say  with  any 
exactitude  to  what  cause  persistence  of  symptoms  was  due. 

Of  the  cases  in  Group  B,  i.  e.  those  complaining  of  slight 
abdominal  discomfort  but  without  severe  symptoms,  those  who 
were  investigated  with  a  barium  meal  and  the  x-rays  showed 
extreme  rapidity  of  emptying  of  the  stomach.  On  asking  them 
to  describe  their  symptoms  they  usually  agreed  that  their  main 
trouble  was  a  feeling  of  distension  inmicdiately  after  taking  food. 
This  symptom  has  been  described  by  Dr.  A.  F.  Hurst,*^  who 
explains  it  as  due  to  rapid  distension  of  the  coils  of  the  jejunum 
owing  to  free  passage  of  food  from  the  stomach  through  a  wide 
gastro-jejunostomy  stoma.  In  some  of  the  cases  in  this  series 
we  have  been  able  to  show  both  radiographically  and  by  the 
fractional  test-meal  that  the  stomach  empties  with  extreme 
rapidity.  In  several  of  the  cases  examined  with  the  fractional 
meal  it  was  found  that,  after  taking  one  pint  of  gruel,  the  stomach 
was  completely  empty  in  sometimes  as  little  as  half  an  hour 
compared  with  the  average  normal  time  of  emptying  of  two  and 
a  quarter  hours.  Several  of  the  patients,  who  complained  of 
tlie  above  symptoms,   had  already  discovered  for  themselves 
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that  they  experienced  considerable  reUef  by  lying  down  after 
meals  for  half  an  hour,  especially  by  lying  on  their  right  side. 
This  position  presmnably  caused  the  food  to  gravitate  towards 
the  pyloric  end  of  the  stomach  instead  of  lea\ing  at  once  via  the 
stoma.  The  symptoms  can  often  be  relieved  by  taking  small 
meals  at  rather  more  frequent  intervals  than  usual. 

Of  the  patients  who  had  serious  recurrence  of  symptoms 
after  operation,  in  comparatively  few  has  it  been  possible  to 
make  any  exact  diagnosis.  Many  of  them  have  had  attacks  of 
pain  and  vomiting,  sometimes  with  ha^matcmesis,  which  to  the 
patient  seemed  exactly  like  those  before  operation.  On  the 
whole  the  pain  tended  to  be  less  severe  than  it  had  been  before 
operation.  In  cases  which  came  under  observation  during  a 
recurrence,  it  has  sometimes  been  possible  to  demonstrate  a 
tender  point  at  x-ray  examination,  which  corresponded  to  the 
site  of  the  original  ulcer.  It  may  be  presumed,  therefore,  that, 
in  some  of  the  cases  at  any  rate,  either  the  original  ulcer  has 
remained  unhealed  or  there  has  been  recurrence  of  ulceration 
at  the  same  point. 

On  the  other  hand,  recurrence  of  symptoms  may  be  due  to 
the  development  of  a  gastro-jejunal  ulcer.  In  only  five  cases 
in  the  scries  was  this  condition  demonstrated  at  operation,  but 
it  is  highly  probable  that  a  proportion  of  the  other  unsuccessful 
cases  may  have  had  the  same  condition.  In  at  least  one  case 
with  a  history  of  recurrence,  no  barium  could  be  seen  passing 
the  stoma,  and  a  fractional  test-meal  showed  delayed  empty- 
ing. At  the  time  when  the  patient  was  seen  he  had  no  acute 
symptoms,  but  there  can  be  little  doubt  that  he  had  suffered 
from  a  gastro-jejunal  ulcer,  which  had  cicatrised,  causing 
stenosis  or  obliteration  of  the  stoma.  Of  the  cases  of  duodenal 
ulcer  several  had  suffered  from  recurrent  attacks  of  mclicna, 
causing  a  marked  antemia.  These  symptoms  were  probably 
due  to  the  formation  of  a  jejunal  ulcer. 

Many  of  the  unsuccessful  cases  who  came  up  to  the  hospital 
to  be  examined  were  found  to  be  suffering  from  severe  grades 
of  pyorrhaa  and  deiital  caries.  This,  however,  was  also  the 
case  in  many  successful  cases.  It  is  probable  that  constant 
swallowing  of  pus  from  the  gums  may  tend  to  prevent  an  ulcer 
healing  or  produce  a  new  oiu-.  .As  a  precaution  the  teeth  of 
every  patient  should  i)e  carefully  examined  and  removt-d  where 
necessary  some  time  before  operation,  and  the  patient  instructed 
to  have  the  teeth  rxaniincd  periodically  after  ojk  ration. 

X-ray  examination  ol"  thrstomai-h  was  performed  in  twenty- 
seven  cases.  Ten  of  the  patients  so  examined  coniplaint-d  of 
no  gastric  synij)tonis  of  any  kind,  and  in  nine  onl  of  these  ten 
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cases  barium  "svas  seen  to  leave  via  the  stoma  only,  and  in  one 
case  only  did  it  leave  both  by  the  stoma  and  through  the  pylorus. 
Of  the  remaining  seventeen  eases,  in  whom  abdominal  symptoms 
had  oeeurred  after  operation,  in  ten  barium  was  seen  passing 
through  the  stoma  only,  in  three  cases  it  passed  both  via  the 
pylorus  and  stoma,  in  three  eases  no  barium  was  seen  to  leave 
the  stomach  during  the  lirst  examination  on  the  x-ray  screen, 
and  in  one  case  it  left  by  the  pylorus  only.  In  the  majority  of 
cases  the  barium  left  the  stomach  very  rapidly  through  the 
stoma  when  the  patient  was  examined  in  the  erect  position.  In 
those  patients  who  had  both  test-meals  and  x-ray  examinations, 
it  was  found  that,  judging  by  the  test-meal,  those  in  whom  the 
stoma  was  working  well  emptied  in  anything  from  half  an  hour 
to  one  and  a  half  hours,  compared  with  the  average  normal 
emptving  time  of  two  and  a  quarter  hours.  In  several  cases 
gastric  delay  as  demonstrated  by  x-rays  was  confirmed  by  the 
fractional  test-meal. 

X-rav  examination  is  apt  to  give  a  rather  false  impression 
about  the  rate  of  stomach  emptying,  especially  if  a  fluid  emulsion 
of  barium  is  used.  The  weight  and  consistency  of  the  meal  allow 
it  to  fall  almost  of  its  own  weight  through  the  gastro-jejunostomy 
stoma,  so  that  it  sometimes  almost  appears  as  if  it  passed 
straight  through  the  stomach  into  the  jejunum.  A  meal  of 
thicker  consistency,  such  as  porridge  mix(Ml  with  barium  sulphate, 
should  be  used,  which  does  not  leave  the  stomach  quite  so 
rapidly.  But  even  if  all  possible  allowances  are  made  for 
experimental  error,  there  can  be  no  doubt  that  after  a  gastro- 
jejunostomy the  normal  length  of  time  during  which  food 
remains  in  the  stomach  is  very  much  shortened.  Further,  it 
would  appear  that  in  many  cases  this  does  not  apparently  affect 
digestion,  for  many  of  the  patients  who  showed  very  rapid 
emptying  via  the  stoma  appear  to  enjoy  excellent  health,  or 
suffer  from  only  slight  symptoms.  Of  the  cases  examined 
radiographically,  who  presented  no  symptoms  after  operation, 
in  only  one  was  barium  seen  passing  the  pylorus  and  then  only 
in  small  amounts.  Occlusion  of  the  pylorus  was  performed  at 
operation  in  only  very  few  cases,  so  that  it  would  appear  that 
when  a  gastro-jejunostomy  is  done,  the  food  no  longer  passes 
thrf)Ugh  the  pylorus,  at  any  rate  to  any  considerable  extent. 
All  the  patients,  in  which  no  barium  could  be  demonstrated  to 
be  passing  through  the  gastro-jejunostomy  stoma,  had  suffered 
from  recurrence  of  symptoms  at  some  time  since  operation. 
Those  symptoms  must  presumably  have  been  due  to  ulceration 
around  the  opening,  which  ultimately  led  to  cicatrisation  and 
closure  of  the  stoma. 
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Fractional  Test-meals  in  Cases  of  Gastro-jejunostomy 

Fractional  tcst-nicals  were  performed  in  twenty-eiglit  cases 
of  gastro-jejunostomy.  The  latter  operation  had  been  per- 
formed in  some  cases  as  long  as  eleven  years  before,  and  in  no 
case  was  the  interval  less  than  six  years.  The  oldest  patient 
examined  was  80  years  of  age,  and  the  youngest  31,  but  the 
greater  number  of  the  patients  examined  were  between  45 
and  55. 

Unfortunately  it  was  only  possiljle  to  carry  out  a  test-meal 
with  a  small  proportion  of  the  patients  who  have  been  traced, 
as  a  good  many,  especially  among  those  wjio  had  been  perfectly 
well  since  operation,  were  unwilling  to  submit  to  the  discomfort 
and  loss  of  time  involved. 

Of  the  twenty-eight  cases  examined  eighteen  were  among  the 
patients  in  Groups  A  and  B  (/.  c.  those  with  no  gastric  symptoms 
of  any  kind,  or  with  but  slight  symptoms).  The  emptying-time 
of  the  stomach  in  these  cases,  as  judged  by  the  absence  of 
starch  and  sugar,  varied  from  half  an  hour  to  two  iiours  and  a 
quarter,  the  average  time  being  a  few  minutes  over  an  hour.  Of 
these  eighteen  successful  cases,  the  acid  curve  showed  no  free 
hydrochloric  acid  and  a  low  total  acidity  in  ten  cases,  a  hyper- 
chlorhydria  more  or  less  marked  in  four  cases,  and  a  normal 
acid  curve  in  three  cases  only.  In  one  case,  though  free  hydro- 
chloric acid  was  not  absent  completely,  it  was  below  ixmnal 
limits. 

Of  the  four  successful  eases  with  hyperehlorliydria  three  had 
sufiered  from  duodenal,  and  one  from  pyloric  ulcer,  possibly 
really  duodenal.  Of  the  three  cases  with  a  normal  acid  curve 
one  was  a  duodenal  ulcer  and  two  pyloric  ulcers.  The  hypo- 
chlorhydria  case  had  been  operated  on  for  duodenal  ulcer. 
Of  the  ten  cases  with  no  free  hydrochloric  acid,  in  one  case  the 
resting-juiee  only  was  examined,  as  the  patient  refused  to  wait. 
Of  the  nine  remaining  eases  with  aehlorhydria  only  one  was  a 
duodenal  ulcer,  and  he  was  a  man  of  eighty  years  of  age.  Tiie 
remainder  were  five  of  ulcer  of  the  lesser  eurxature  and  three 
of  pyloric  ulcer. 

An  examination  of  these  curves  of  patients,  who  ha\  «•  had  Imt 
slight  or  no  gastric  sym|)toiiis  after  operation,  tends  to  show  that 
those  who  have-  had  duodenal  ulcers  still  have  a  high  aeitl  curve 
after  gastro-jejunostomy,  while  most  of  those  with  gastric  nice  rs 
have  a  complete  achylia,  or  at  any  rate  a  l(»w  or  normal  curve. 
Two  examples  of  the  fractional  test-meal  curves  are  gi\en  in 
Figs.  1  and  '_'.  Thus  it  would  a|)j»ear  that  either  eompletc 
achxiia  or  most   marked   hyperehlorliydria  after  gastro-jejunos- 
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tiMiiy  is  not  inconsistent  with  perfect  health  and  freedom  from 
recurrence  of  symptoms  of  any  kind. 

Ten  patients  liad  test-meals  performed,  in  whom  the  result 
of  gastro-jcjunostomy  had  been  disappointing,  the  result  being 
either  recurrence  of  sj'mptoms  or  but  slight  improvement.  In 
these  cases  the  stomach  emptying-time  varied  from  three- 
quarters  of  an  hour  to  three  hours,  the  average  time  being  just 
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Ulcer  of  lesser  curvature  with  gastro-jejunostomy  done  nine  years  previously. 
Age  52.     The  shaded  area  represents  the  limits  of  80%  of  normal  cases. 
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over  an  hour  and  a  quarter.  As  far  as  this  point  is  concerned 
there  is,  therefore,  no  marked  difference  between  the  successful 
cases  and  the  failures. 

Of  the  unsuccessful  cases  three  showed  complete  achlorhydria, 
two  hypochlorhydria,  three  a  normal  acid  curve,  and  two 
hyperchlorhydria.  Here  again  the  two  cases  with  hyperchlor- 
hydria  had  suffered  from  duodenal  ulcer.  Of  the  five  with 
hydrochloric  acid  cither  completely  absent  or  abnormally  low, 
two  were  pyloric  ulcers,  two  duodenal,  and  one  lesser  curvature. 
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Of  the  three  normal  acid  curves  one  case  was  pyloric  ulcer,  one 
lesser  curvature,  and  one  duodenal.  In  the  unsuccessful  cases, 
therefore,  there  does  not  appear  to  be  any  constant  type  of 
test-meal  curve.  Recurrence  of  symptoms  takes  place  quite  as 
often  with  absent  or  low  acid  content  as  with  hyperehlorlndria. 

Unfortunately   none   of  the   patients,   who   had   test-meals 
performed  subsequent  to  gastro-jejunostomy,  had  had  fractional 
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test-meals  done  before  their  operation,  .so  that  no  comparison 
of  curves  In'fore  and  after  oj)eration  is  possibU-.  Some  of  them, 
however,  had  had  the  ordinary  one-hour  test-meal  before 
operation.  .\lthou;,di  no  real  eonchisions  can  l)e  (hawn  from  a 
comparison  l)i'tweeii  the  two  test-meals,  owiii^  fo  the  Miiail 
number  of  eases  in  which  results  are  a\aiial)le,  it  would  appear 
tiiat  afti-r  gastro-jejunostomy  the  acidity  is  iii»t  markedly 
altered.  The  duodenal  ulcers,  who  before  op(iati(>n  ha\c  a 
high  acid,  may,  evi-n  years  aft  ir  oixrat  ion.  j)resenl  an  acid  eur\i- 
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little  if  at  all  li)wcr  tlian  before  t)peration.  Gastric  ulcers, 
especially  of  the  lesser  curvature,  often  have  a  low  acid  before 
operation,  and  after  operation  there  is  frequently  complete 
absence  of  free  hydrochloric  acid. 

From  tlie  results  of  the  twenty-eight  test-meal  examinations 
done  in  this  series  it  docs  not  seem  to  be  possible  to  correlate  the 
acid  curve  with  freedom  J'rom  synn)t()ms  or  otherwise.  In 
several  cases  those  witli  very  high  acid  after  gastro-jejunostomy 
have  been  most  successful  results,  whereas  many  of  the  patients 
who  show  a  complete  achlorhydria,  or  at  any  rate  a  very  low 
acid,  have  suffered  most  severely  I'rom  recurrences,  with  all  the 
symptoms,  such  as  ])ain  and  hfematemesis,  which  thc}^  had  before 
operation.  The  only  point  that  does  seem  clear  is  that  the 
duodenal  ulcers  have  usually  a  high  acid  curve  both  before  and 
after  gastro-jejunostomy.  This  is  in  keeping  with  Dr.  A.  F. 
Hurst's "  contention  that  the  predisposing  cause  of  duodenal 
ulcer  is  a  hypertonic  stomach  with  excessive  acid  secretion,  and 
wliatever  operation  is  done  the  patient  still  has  the  same 
hypertonic  type  of  stomach. 

Addison's  Anwmia  as  a  Sequel  of  Gastro-jejunostomy 

It  is  interesting  to  find  that  one  patient  in  the  series  died 
of  Addison's  anaemia  in  Guy's  Hospital  eight  years  after  gastro- 
jejunostomy for  an  ulcer  of  the  lesser  curvature.  Unfortunately 
no  test-meals  were  done  in  this  case  either  before  or  after 
operation.  It  is  remarkable,  however,  that  the  fractional  test- 
meal  curv^e  in  Addison's  anaemia  always  shows  complete 
achlorhydria  with  rather  rapid  emptying,  exactly  like  that  found 
so  frequently  after  gastro-jejunostomy  for  ulcers  of  the  lesser 
curvature.  Whether  achlorhydria  resulting  from  the  gastro- 
jejunostomy led  to  the  development  of  pernicious  anaemia  is  a 
matter  for  speculation. 

Conclusions 

1.  Of  the  patients  operated  on  for  peptic  ulcer  and  traced 
over  periods  from  three  to  eleven  years,  al)out  GO  per  cent,  are 
either  completely  cured  or  suffer  from  only  slight  abdominal 
symptoms.  About  40  per  cent,  either  died  of  gastric  disease, 
suffered  from  recurrences  of  their  symptoms,  or  were  but  little 
improved. 

2.  As  regards  results  of  different  operations,  simple  resection 
of  ulcer  gave  very  unsatisfactory  results.  In  only  one-sixth  of 
the  cases  was  the  result  really  good.  With  gastro-jejunostomy 
about  G5  per  cent,  of  the  cases  were  found  to  be  cured  or  much 
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improved,  wliile  35  per  cent,  were  unsatisiaetory.  The  highest 
percentage  ol'good  results  was  ()l)tained  after  gastro-jejunostoniy 
in  cases  where  there  was  pyloric  obstruction.  When  the  latter 
was  not  present,  gastro-jejunostoniy  was  slightly  more  successful 
in  cases  of  duodenal  ulcer  than  in  those  of  gastric  ulcer.  Other 
operations,  such  as  ileo-sigmoidostomy  and  colectomy,  were 
done  in  too  few^  cases  to  allow  any  opinion  to  be  expressed  as  to 
results,  except  that  these  showed  a  rather  high  immediate 
mortality. 

3.  As  regards  test-meal  results  after  gastro-jcjunostomy 
there  does  not  appear  to  be  any  definite  type  of  curve.  All 
that  can  be  said  is  that  most  of  the  duodenal  ulcer  cases  have  a 
high  acid  after  operation,  while  most  of  the  lesser  curvature 
ulcers  show  either  a  low  acid  or  complete  absence  of  free  hydro- 
chloric acid.  There  is  no  obvious  correlation  of  symptoms  with 
either  high  or  low  acid  curves.  ReciuTcnccs  take  place  as 
frequently  apparently  in  cases  with  no  free  acid  as  in  those  with 
a  high  acid. 

4.  X-ray  examinations  show  that  in  nearly  all  cases  very 
rapid  emptying  of  the  stomach  takes  place  via  the  stoma,  even 
ten  years  after  the  operation.  Practically  all  the  food  leaves 
through  the  stoma  and  in  only  a  few  cases  docs  it  pass  through 
the  pylorus.  If  the  stoma  is  found  not  to  be  working  there  is 
always  evidence  suggestive  of  gastro-jejunal  ulceration  ha\  ing 
taken  place  at  some  previous  date. 

In  conclusion,  I  wish  to  thank  the  physicians  and  surgeons  at 
Guy's  Plospital  for  allowing  me  to  refer  to  the  cases  which  have 
been  under  their  charge  in  the  hospital. 
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TWO  CASES  OF  SYPHILIS  OF  THE   STOMACH 

By  ARTHUR  F.  HURST,  M.D..  Physician  to  Guy's  Hospital. 

In  a  paper  on  Syphilis  of  the  Stomach,  read  before  the  Royal 
Society  of  Medicine  in  November  1921,  Dr.  Gustave  Monod  ^  of 
Vichy  gave  a  complete  account  of  the  French  and  German 
literature  on  the  subject,  from  which  it  would  appear  that  the 
condition  is  not  uncommon.  It  is  interesting  to  note,  however, 
that  Dr.  ]Monod  tells  me  that  he  has  never  actually  seen  a  case 
hhiiself.  The  American  literature  which  he  quoted  gave  a 
similar  impression,  although  Carman  and  Miller  -  in  1917 
only  describe  eight  probable  cases  from  the  enormous  material 
of  the  Mayo  Clinic. 

In  contrast  to  that  published  abroad,  the  English  literature 
on  syphilis  of  the  stomach  is  remarkably  meagre.  The  impres- 
sion gained  from  the  discussion  Avhich  followed  Dr.  Monod's 
paper  was  that  the  frequency  of  the  disease  has  been  much 
exaggerated  on  the  Continent,  and  that  most  of  the  evidence 
brought  forward  in  describing  cases  has  been  very  inconclusive. 

The  only  case  in  which  a  syphilitic  lesion  of  the  stomach  has 
been  demonstrated  with  complete  certainty  is  the  one  shown 
and  described  at  the  meeting  by  Dr.  J.  W.  McNee.^  In  this  a 
large  gummatous  mass  w^as  found  in  the  stomach  post-mortem, 
death  having  resulted  from  perforation.  The  microscopical 
appearance  was  characteristic  of  syphilis,  and  innumerable 
spirochaetes  were  discovered  in  parts  of  the  tumour.  Dr.  H.  M. 
Turnbull  '*  stated  that  among  13,000  post-mortems  performed 
by  him  at  the  London  Hospital  he  had  only  discovered  one 
doubtful  case  of  syphilis  of  the  stomach,  although  in  every 
abnormal  condition  of  the  stomach,  in  which  there  could  be  the 
slightest  doubt  as  to  its  nature,  careful  examination  had  been 
made  from  this  point  of  view. 

It  is  obvious  that  no  clinical  case  can  be  regarded  as  conclu- 
sive. I  have  been  on  the  look-out  for  syphilis  of  the  stomach 
for  many  years,  and  in  a  considerable  number  of  cases  in  which 
the  diagnosis  seemed  to  be  even  remotely  possible  I  have  had 
the  Wassermann  reaction  tested  and  other  investigations  carried 
out  in  order  to  determine  whether  the  condition  could  be 
syphilitic  in  origin.  In  spite  of  this  I  have  only  had  two  cases 
in  wliich  the  diagnosis  seemed  well  founded,  one  a  gumma 
simulating  carcinoma  and  producing  pyloric  obstruction,  and 
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tlic  other  apparently  a  syphilitic  ulcer,  clinically  simulating  an 
ordinary  duodenal  ulcer.  There  can  be  no  doubt  that  the 
disease  is  extremely  rare.  None  the  less,  from  the  remarkable 
effects  of  anti-syphilitic  treatment  in  the  two  cases  which  I 
shall  now  describe,  it  is  clear  that  in  all  anomalous  cases  of 
gastric  disorder  a  Wassermann  reaction  should  be  tested,  and 
perhaps  it  would  be  wiser  to  go  still  further  and  say  that  every 
case  of  probable  ulcer  or  carcinoma  of  the  stomach  should  be 
tested  in  this  way. 

Si/philis  of  the  Stomach  simulating  Duodenal  Ulcer 

Mr.  C.  M.,  aged  51,  has  had  digestive  symptoms  for  twenty 
years,  except  from  1910  to  1915,  when  he  was  orange-farming  in 
America  and  was  completely  free  from  symptoms.  In  all  this 
period,  especially  during  the  last  few  years,  the  symptoms  were 
very  suggestive  of  duodenal  ulcer,  the  pain  coming  on  about 
three  hours  after  meals,  waking  him  up  early  in  the  night,  and 
being  relieved  by  taking  i'ood,  though  latterly  the  relief  had  been 
incomplete. 
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-April  12,  1!>21.     Before  treatment. 


Fractional  Test -Meals  in  Syphilis  of  the  Stomach.  The  shaded  area  represents 
the  limits  of  free  HCI  in  80  per  cent,  of  normal  people.  The  continuous  line 
represents  the  free  HCI  in  this  case. 

Early  in  1921  he  was  given  a  strict  course  of  treatment  for 
duodenal  ulcer  with  rest  in  bed,  diet  and  alkalies,  lasting  six 
weeks,  but  no  improvement  resulted.  He  was  sent  to  me  in  April 
on  aee(junt  of  his  faihu'c  to  respond  to  ordinary  treatment. 
It  was  found  that  instead  of  the  typical  hypirchlorhydria  and 
hypersecretion  of  dnodenal  ulcer  he  had  marked  hypoehlor- 
hydria  (Chart  I),  and  instead  of  the  typical  gastric  hypertonus 
the  stomach  was  atonic  and  dropped  (Fig.  1),  though  it  emptied 
itself  after  a  barium  meal  within  the  normal  limit  of  six  hours. 
The  gastric  contents  remoxed  whilst  fasting  showetl  an  enormous 
number  of  leucocytes.  The  stools  constantly  contained  occult 
blood. 
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Althougli  the  palit'iil  had  luxcr  luul  syi)liilis  to  his  knowledge 
(though  he  had  had  gonorrhoea  when  twenty-one)  the  Wasser- 
manii  reaction  of  his  blood  was  strongly  posit i\e.  A  single 
injection  of  salvarsan,  together  with  the  administration  of  dilute 
hydrochloric  acid  and  pepsin,  resulted  in  such  great  iniprovenient 


Fig.  1. 
Dropped  and  slightly  dilated  stomach  in  erect  position. 

that  he  refused  to  have  any  more  salvarsan  until  August,  when 
the  pain  returned,  but  he  continued  to  take  the  acid.  He  then 
had  two  more  injections  of  salvarsan,  since  when  he  has  been 
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Chart  II.— ^Xoveniber  21,  l'.)2I.     After  treatment. 

completely   free   from   indigestion,    although    he   has   taken   no 
liydroehloric  acid  since  September. 

His  Wassermann  reaction  is  still  weakly  positive,  and  he  is 
therefore  going  to  have  another  short  course  of  salvarsan. 
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A  fractional  tcst-nual  on  Xovcnilxr  21,  seven  months  after 
he  first  eaine  nncier  observation,  shows  a  slight  degree  of  hyper- 
chlorliydria  (Chart  11),  in  \cr\-  striking  contrast  to  the  hypo- 
chlorhydria  which  was  present  at  first.     '^'  '-'''   '  ^ 

excess  of  cells  in  the  rcsting-juice. 


There  is  still  a  jjreat 


Fig.  2. 


Fig.  3. 


April  1912.     (From  skiagram  by  Di-.  Iron-        Februar}-  101.*}.    After  gastro-jejunostom}'. 
.side  Bruce.) 


Fig.  4. 


Fig.  5. 


.Manh  1!M.").     Two  yeai-s  after  sal varsan  Mareh    101").     Lying    down,    the    patient 

treatment.     Standing.  having  turned  on  his  right  .side  for 

two  minute."?. 


Ca.sc  II.     Syphilis  of  the  Stomaeh. — F,  fundus;  P,  pylorie  end  of  stomach;   P.  1>. 
duodenum;  ./.  jejunmn.  just  beyond  anastomosis;  /.  small  intestine  beyond  ./. 
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GunuHd  of  (he  Sto)nach  causing  Ptjlorlc  Obstniction 

Mr.  G.,  aged  33,  had  syphilis  in  1901.  In  1909  he  began  to 
suffer  from  indigestion;  his  appendix,  the  lumen  of  which  was 
partly  obliterated,  being  removed  in  December.  He  was  better 
I'or  a  time,  but  in  June  1911  he  complained  of  pain  in  the  right 
hypoehondrium,  which  was  relieved  by  \'onuting  and  by  careful 
dieting,  and  of  llatulence,  wasting,  and  constipation,  with  slight 
tenderness  beneath  the  right  rectus.  An  x-ray  examination 
is  said  to  have  shown  that  the  stomach  was  normal,  except  that 
there  was  considerable  delay  in  its  evacuation,  which  was 
supposed  to  have  been  due  to  a  duodeno-jejunal  kink,  and  a 
diagnosis  of  intestinal  stasis  was  made.  In  A})ril  1912  Dr. 
Ironside  Hruce  found  that  the  normal  gastric  outline  was 
obliterated  in  the  pyloric  half  of  the  stomach  (Fig.  2).  A  gastro- 
enterostomy was  performed  in  May  1912  by  Mr.  Peter  Daniel. 
No  ulcer  was  found,  but  the  pylorus  was  rigid  and  the  mucous 
membrane  of  the  pyloric  end  of  the  stomach  was  hard  and 
gramilar  in  appearance.  There  was  only  temporary  improve- 
ment, and  when  I  saw  the  patient  with  Mr.  Daniel  in  February 
1913  he  was  suffering  from  severe  pain  over  the  whole  of  the  upper 
part  of  tlie  abdomen,  which  was  worst  about  four  hours  after 
meals  and  often  awakened  him  at  2  a.m.  The  symptoms  were 
similar  to  those  he  had  before  the  operation,  except  that  he 
did  not  now  vomit.  An  x-ray  examination  (Fig.  3)  showed  that 
the  food  left  the  stomach  very  rapidly  by  the  stoma,  and  the 
pyloric  end  of  the  stomach  was  completely  obliterated.  As  it 
was  thought  that  the  condition  might  be  due  to  syphilis,  a 
Wasscrmann  reaction  was  tried  and  found  to  be  positive,  Mr. 
Daniel  therefore  gave  the  patient  three  injections  of  neo- 
salvarsan.  Py  April  he  was  completely  well,  and  when  seen 
in  March  1915,  two  years  after  the  salvarsan  injection,  he  told 
me  that  he  had  had  no  return  of  symptoms  and  was  able  to  take 
full  'diet  without  any  discomfort.  An  x-ray  examination 
showed  no  great  alteration,  except  that  a  narrow  channel  was 
now  present  through  the  pyloric  end  of  the  stomach  (Figs. 
4  and  5). 
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STUDIES    OX   Tl^:\l()UR    FOmiATION 

By  G.  W.  NICHOLSON,  M.D.,  Lecturer  in  Morbid  Histology,  Guys  Hospital. 

IL  TISSUE  MALFORMATIONS.     ANOMALIES   OF   BULK   AX  I) 
OF   DIFFERENTIATION 

Hf.fore  entering  on  the  subject  matter  of  the  present  study, 
it  will  be  necessary  briefly  to  review  the  theories  which,  in  default 
of  certain  knowledge  of  the  causation  of  tumours,  have  been 
advanced  to  explain  them. 

Tumours  can  be  studied  from  the  point  of  view  of  their 
aetiology  or  of  their  histiogenesis.  The  {etiological  theories 
attempt  to  furnish  a  complete  explanation  of  the  causation  of 
neoplasms ;  those  that  are  histiogenetic  aim  merely  at  tracing 
them  to  the  tissue  cells  in  which  they  have  arisen. 

At  least  two  kinds  of  factors  come  into  play  in  the  letiology 
of  every  condition.  These  may  be  spoken  of  as  the  secondary 
or  liberating  causes,  and  the  primary  or  exciting  cause  or 
causes.  Thus,  the  melanomata  of  the  skin  always  arise  in 
pigmented  upcxi  or  moles,  which  are,  as  we  shall  see,  malforma- 
tions; the  dermatitis  set  up  by  certain  irritants  is  often  the 
starting-point  of  an  epithelioma:  again,  a  high  percentage  of 
Fil)iger's  -^  rats,  whose  stomachs  were  infected  with  a  nematode 
worm,  developed  gastric  carcinomata.  l^ut  not  all  moles  end 
as  melanomata,  not  every  x-ray  burn  forms  the  starting-point 
of  an  epithelioma,  and  some  of  Fibiger's  rats  escaped  a  gastric 
carcinoma.  Moles,  irritants,  and  nematodes  are  therefore 
merely  liberating  causts,  which  enal)!e  some  other  cause  to  act 
and  to  reveal  its  activity  in  the  shajx-  of  a  malignant  new 
growth.  This  cause  (or  these  causes,  as  they  well  may  be) 
is  the  primary  or  exciting  cause  of  the  formation  of  the  tumoin-. 
Whether  it  })c  contained  in  the  liberating  causes  or  be  something 
outside  these  we  do  not  know. 

If  every  mole  were  to  form  the  starting-point  of  a  melanoma, 
it  would  be  the  exciting  cause  of  this  form  of  new  growth  in  the 
same  sense  as  the  tubercle  bacillus  is  the  exciting  cause  of  a 
certain  group  of  tissue  riaetions  characterised  \)\  local  j)rolilcra- 
tion  of  fixed  cells,  exudate  of  lymphocytes,  and  caseation,  or 
as  the  action  of  a  ray  of  light  of  a  certain  wave-length  on  the 
retina  gives  rise  to  a  sensation  of  red.  Heyond  this  point  we 
cannot  analyse  primary  causes.     Wc  do  not  know  why  rays  of 
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liglit  of  a  certain  lenoth  apjicar  red  to  us,  whereas  others  that 
are  shorter  are  \iolet.  any  more  than  we  know  why  the  tnherelc 
bacilhis  does  not  protluce  gas  gangrene.  \Ve  know  nothing  of 
tirst  principles. 

A  good  deal  has  l)een  written  ahout  individual  susceptibility 
and  predisposition  to  explain  why  one  individual,  after  he  has 
been  exposed  to  an  irritant,  etc.,  develops  a  new  growth,  whereas 
another  does  not.  lUit  these  expressions  serve  merely  to  cloak 
our  ignorance  in  words. 

The  majority  of  the  theories  ehiim  to  explain  both  the  {ftio- 
log}'  and  the  histiogenesis  of  tumours.  Three  are  of  sullicient 
importance  to  be  referred  to  here. 

The  parasitic  theory  maintains  that  a  parasite,  usually 
believed  to  be  a  protozoon  or  one  of  the  blastomycetes,  enters 
and  multiplies  within  certain  tissue  cells,  inducing  them  to 
proliferate  and  to  give  rise  to  a  neoplasm.  None  of  those  that 
have  been  described  have  ever  been  shown  to  be  more  than 
contaminations.  Others  are  now  known  to  be  ingested  tissue 
cells.  It  has  repeatedly  been  suggested  that  protozoa  which 
resist  all  efforts  to  stain  them  are  the  causative  agents.  One 
must  admit  the  possibility  of  the  parasitic  aetiology  of  some 
tumours.  It  is  quite  certain,  however,  that  others,  such  as 
those  with  an  organoid  structure  and  the  teratomata,  are  not 
the  result  of  the  action  of  a  parasite,  since,  as  has  been  pointed 
out  by  Sehwalbe,-^  uniovular  twins  woidd  then  be  caused  by  one. 

The  irritation  theory  is  histiogenetic  so  long  as  it  is  used 
merely  to  compare  the  structure  and  behaviour  of  the  cells  in 
inflammatory  and  regenerative  hyperplasias  with  those  of  new 
growths.  When,  however,  it  attempts  to  explain  tumour 
formation  as  directly  due  to  irritation,  it  becomes  a^tiological 
and  fails  signally.  No  explanation  is  given  why  growth  is 
excessive  and  unlimited  in  one  case,  whereas  it  remains  within 
physiological  limits  in  another — limits  that  depend  on  the  nature 
and  intensity  of  the  irritant,  or  the  needs  of  the  body  for  regener- 
ation of  the  tissue,  and  on  the  capacity  of  the  latter  to  regenerate. 

The  third  theory  was  first  formulated  by  Cohnheim,^  whose 
name  it  bears,  although  its  principles  had  been  applied  to 
isolated  eases  before  him.  Cohnheim's  argument  is  as  follows  : 
Since  every  attempt  to  define  a  tumour  fails,  and  as  there  are 
no  distinctions  and  landmarks,  either  morphological  or  physio- 
logical, between  inflammation  and  tumour  formation,  there 
must  be  some  additional  factor  whereby  the  tumour-like 
n(f)plasm  can  be  sharply  distinguished  from  the  inflammatory; 
and  this  can  only  be  its  aetiology.  The  irritation  and  infective 
theories  fail,  and  one  resource  only  appears  to  be  left,  namely, 
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the  congenital  disposition  of  the  embryo.  The  real  cause  of  a 
tumour  is  to  be  sought  in  a  fault  or  irregularity  of  the  embryonic 
rudiment  of  a  tissue.  This  fault  may  consist  of  the  production, 
at  an  early  stage  of  development,  of  more  cells  than  are  required 
for  the  building  up  of  the  part  concerned,  so  that  there  remain 
unappropriated  a  quantity  of  cells,  which,  owing  to  their 
embryonic  character,  are  endowed  with  a  marked  capacity 
for  proliferation.  Ttunours  can  therefore  be  defined  as  atypical 
new  formations  starting  in  an  embryonic  rudiment.  Tiiey  are 
progressive  derangements  of  nutrition  based  on  an  inherent 
disposition,  and  arc  closely  related  to  the  monsters  per  exccssum, 
and  other  malformations, 

Cohnhcim  does  not  wish  to  insist  too  strongly  on  a  super- 
abundance of  the  cell  material ;  it  is  perhaps  more  correct  to 
speak  of  the  material  as  having  an  abnormal  inherent  poten- 
tiality for  subsequent  tumour  formation.  The  cells  have 
received  an  abnormally  strong  vital  impulse. 

Towards  the  end  of  his  paper  he  admits  that  every  stratified 
epithelium  has  an  inherent  capacity  for  continued  cell-production, 
and  that  its  cells  can  penetrate  into  the  connective  tissue,  when 
the  power  of  resistance  of  the  latter  has  been  destroyed,  even 
without  the  co-operation  of  a  congenital  epithelial  germ  or 
rudiment.  Such  conditions,  of  which  he  gives  rodent  ulcers 
and  certain  superficial  cancroids  of  the  skin,  due  to  trauma,  as 
instances,  should  be  separated  from  true  timiours  and  placed 
in  a  category  of  cancer-like  indurations  or  ulcers,  since  there 
is  not  the  slightest  likelihood,  to  say  nothing  of  necessity,  that 
they  should  be  referred  to  a  congenital  cause. 

Surely,  a  theory  that  admits  of  such  an  argunu  nt  is  neither 
good  science  nor  ^ound  philosopjiy.  As  formulated  by  Cohnheim 
it  is  a-tiological,  since  it  attempts  to  exjihiin  the  origin  of  all 
tumours  in  congenital  malformations  and  al)normal  predis- 
position of  cells.  That  no  cell  of  the  body  can,  in  any  conceivable 
circumstances,  produce  a  structure  or  perform  a  function  to 
which  it  is  not  predisposed  from  the  very  moment  of  its  origin 
is  self-evident.  \\\it  the  question  arises,  anil  will  have  to  be 
discussed,  whether  it  is  neccsary  to  assume  that  the  predisposi- 
tion is,  or  indeed  ever  can  be,  abnormal, 

Cohnheim's  theory  has  been  ainpHlied  and  modified  by  many 
writers,  among  whom  I  will  but  mention  Ribbert,^''  in  whose 
hands  it  h<as  been  made  to  a|)|)ly  to  cells  that  have  become 
isolated  by  infliunmatory  and  other  pathological  processes 
during  the  life  of  tlu-  indi\  idiial,  iis  will  as  to  embryonic  cell- 
rests,  Ribbert  has  insisted  that  this  separation  is  due  to 
changes  undergone   1)\    tlir  connective  tissue,  resulting  in  dis- 
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tiirbances  of  tissue  cqnilihriiini :  that  the  growth  of  every  tumour 
is  self-contained  and  independent  of  its  surroundings ;  *  that 
it  originates  in  one  or  more  centres  consisting  of  one  cell  or  of  a 
small  group  of  cells  which,  by  division  and  nuiltiplieation  give 
rise  to  the  ^Yhole  of  it;  and  that  the  neighbouring  cells  never 
become  implicated  in  its  growth.  The  elements  of  a  neoplasm 
acquire  no  new  biological  properties,  they  proliferate  because 
the  normal  resistance  to  their  niulti[)lication  (tissue  tension, 
ferment  action,  etc.)  have  been  abolished. 

The  above,  although  not  the  first,  is  the  form  in  w^hich 
Ribbcrt's  views  are  most  generally  known  and  accepted.  He 
has,  however,  repeatedly  modified  them  to  an  extent  that 
renders  them  almost  unrccognisa])le.  Thus,  in  his  last  paper  ^* 
on  the  subject,  written  a  short  time  before  his  death,  he  comes 
to  the  conclusion  that  tumours  in  general  and  carcinomata  in 
particular  arise  in  developmental  anomalies  which,  like  all  other 
germinal  characters,  are  hereditary  and  have  been  inherent 
in  the  human  race  for  all  time.  As  they  arc  recessive  characters, 
they  crop  up  only  at  intervals.  Where,  as  in  many  carcinomata, 
irritation  plays  a  part,  the  irritant  merely  stimidates  the  growth 
of  a  tumour  "anlage."  Wlicrc  such  an  "  anlage  "  is  absent  no 
new  growth  can  develop. 

Ribbert  is  not  alone  w^hen  he  ascribes  tumour  formation  to 
germinal  anomalies.  Several  writers  have  maintained  that  it 
arises  in  cells  tliat  are  abnormally  predisposed  from  the  very 
outset.  This  predisposition  to  neoplasia  is  to  be  regarded  as  a 
pathological  germinal  variation.  It  is  quite  unnecessary  for 
these  malformed  cells  to  exhibit  even  the  slightest  anomalies 
of  structure.  The  only  means  we  possess  of  identifying  them  is 
by  their  behaviour,  namely  their  neoplastic  manner  of  growth, 
for  whose  induction  no  external  stinnili  are  necessary.  This 
mode  of  growth  is  therefore  a  character  different  and  antithetic 
to  every  other.  In  Ribbcrt's  own  wxjrds,  the  cells  have  assumed 
a  new  biological  property. 

It  will  thus  be  seen  that  the  embryonic  theory  assumes  an 
inherent  abnormal  j)redisposition  of  cells,  or  their  isolation  or 
perversion  during  the  course  of  their  development,  or,  according 
to  Ribbcrt's  most  popular  modification  (subsequently  abandoned 
by  him),  as  a  result  of  inflammatory  or  allied  changes.  These 
cells  remain  in  situ  or  are  displaced,  to  come  to  rest  at  a  distance 
from  their  place  of  origin.  Their  ultimate  fate  must  be  one  of 
three  :  They  die  and  are  absorbed  and  cease  to  trouble  us ;  or 
they  undergo  the  fullest  amount  of  differentiation  their  environ- 

*  Cohnheim,  starting  from  somewliat  difTcient  j^remises,  had  reached  the 
same  conclusion. 
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ment  permits,  more  or  less  synchronous  with  the  rest  of  the  bod3^ 
The  third  possibiUty  is  that  they  remain  dormant  and  in  an 
inidifferentiated  condition  for  an  indefinite  time,  at  the  end  of 
which  they  are  excited  to  prohferate  l)y  some  injury  or  other 
stimulus.  The  relations  of  these  undifferentiated  cells  to  the 
tissues  in  which  they  arc  cmlicdded  have  become  grossly 
abnormal  owing  to  the  differentiation  undergone  by  the  latter. 
The  growth  of  the  dormant  cells  is,  therefore,  more  or  less 
autonomous,  l^ecause  of  this,  and  because  they  do  not 
functionate,  they  arc  able  to  proliferate  indefinitely  and  to 
give  rise  to  a  neoplasm. 

It  is  impossible  to  estimate  the  merits  of  these  theories  and 
sub-tlicorics  without  some  knowledge  of  the  evidence  for  and 
against  them.  All  the  points  raised  above  will  have  to  be 
discussed.  I  propose  to  begin  with  the  tissue  malformations 
or  ''  embryonic  rests  "  as  they  are  popularly  named.  Character- 
istic examples  w'ill  be  given,  and  an  estimate  of  their  usual  fate 
and  consequent  importance  in  tumour  formation  attempted.* 

Tissue  Malformations 

The  sharp  distinction  that  is  usually  drawn  between  malform- 
ations that  have  arisen  ?n  idero  and  tliosc  that  have  been 
acquired  during  the  subsequent  life  of  tlic  individual  is,  in  my 
opinion,  a  mistaken  one.  To  begin  with,  gross  development, 
as  opposed  to  full  differentiation,  is  by  no  means  finislicd  at 
birth.  Again,  it  is  usually  implied,  if  not  directly  stated,  that 
ante-natal  differs  from  post-natal  pathology  in  some  mysterious 
way.  This  I  very  much  doubt.  Such  a  position  is  as  absiu'd 
as  the  one  that  pathological  processes  differ  from  those  that 
are  physiological.  An  injury,  be  it  mechanical  or  infective, 
or  whate\"cr  be  its  nature,  if  it  affects  the  embryo  at  an  early 
stage  of  development,  is  boimd  to  give  rise  to  enormously  more 
extensive  and  varied  icsulls  tliaii  an  identical  injury  wlieii  it 
takes  place  after  the  cells  of  the  body  ha\  e  undergone  differentia- 
tion and  have  therefore  lost  their  early  ])rospeeti\e  jiotent ialities. 

A  whole  scries  of  articles  could  be  written  on  this  fascinating 
aspect  of  congenital  malformations,  and  I  siiall  liavc  to  revert 
to  it  again.  I  will  here  describi'  a  specimen  which  appears  to 
me  clearly  to  be  the  result  of  a  slight  Ksion  that  had  taken  place 
in  the  early  weeks  of  embryonic  life. 

At  the  post-mortem  examination  of  a  male  adull  the  kidneys 
were  found  to  be  healthy,   free  from  granular  changes.      A   Hat 

*  (iros.s  nialforniatidiis  will  not  he  coiisidcicd.  siiuc  it  i.s  tlu-  small  (i.-sMic 
anomalies  aloiu'  that  can  hv  c'X|)ctt(>(i  to  throw  \'\\i\\\  on  the  states  of  the  cells 
that  conduce  to  tumour  formation. 
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linear  accessory  suprarenal,  abont  1  cm.  in  its  longest  diameter, 
Avas  adherent  to  the  anterior  surface  of  one  of  them,*  at  its  upper 
pole.  Fig.  11  f  represents  a  semi-diagrammatic  view  of  a  longi- 
tudinal section  of  this  area,  magnified  five  times.  The  strip  of 
suprarenal  consists  of  a  double  layer  of  cortex,  folded  upon 
itself,  with  a  band  of  connective  tissue  and  a  large  blood-vessel 
at  the  centre  of  its  thickest  part.  The  normal  zones  are  present. 
For  about  two-thirds  of  its  extent  the  accessory  organ  is  firmly 
adherent  to  the  surface  of  the  kidney.  Here  the  superficial 
part  of  the  cortex  of  the  latter  contains  a  row  of  cysts,  that  varied 
much  in  size  and  were  iilled  with  the  usual  inspissated  albuminous 
secretion.  No  cysts  were  found  in  any  other  part  of  either 
kidney.  The  renal  capsule,  not  represented  in  the  figure, 
passes  uninterruptedly  over  the  surface  of  the  kidney  and  of  the 
accessory  organ,  and  is  folded  around  the  projecting  end  of  the 


Fig.  11. 
Strip  of  supraieiial  cortex  on  kidney.     Retention  cysts  beneath  it.     Magnif.,  5 


latter  on  to  the  surface  of  the  kidney.  It  does  not  split  to  send 
a  septum  between  them.  The  cysts  are  surrounded  by  a  narrow 
zone  of  atrophied  and  fibrotic  renal  tissue,  which  rapidly  passes 
into  the  healthy  parenchyma  of  the  organ. 

I  explain  this  anomaly  by  assuming  that  the  apposed 
surfaces  of  the  kidney  and  suprarenal  became  abnormally 
adherent  to  each  other  at  some  period  of  development  prior  to 
the  third  month,  when  the  renal  capsule  is  formed.  During 
the  subsequent  differentiation  and  separation  of  the  organs, 
these  cells  of  the  suprarenal  were  torn  away  from  the  rest  of 
the  gland,  but  were  able  to  undergo  a  differentiation  which  is 
perfect,  except  for  the  anomaly  of  position.  The  presence  of 
the  renal  cysts  immediately  beneath  them  and  nowhere  else  in 
the  kidneys  can  only  be  explained  on  the  assumption  that  they 

*  I  cannot  remember  which  kidney  this  observation  refers  to  without  the 
post-mortem  record,  which  is  not  available  at  the  moment. 

t  For  convenience  of  reference  the  fijfures  in  this  series  will  he,  numbered 
consecutively.  A  Roman  numeral  after  tlie  number  of  a  figure  denotes  that 
of  the  article  in  which  it  appeared. 
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were  caused  by  sonic  inflammatory  focus,  that  led  to  the  occlusion 
of  tubules  and  to  retention  of  their  secretion.  If  this  lesion 
took  place  at  an  early  period,  when  the  suprarenal  consisted 
of  a  small  number  of  cells  whose  power  of  growth  was  still  great, 
it  will  have  been  exceedingly  minute,  of  so  small  a  size  in 
fact  that,  had  it  not  occurred  until  after  the  active  period  of 
growth,  its  effects,  and  therefore  its  presence,  would  be  (juitc 
unappreciable. 

I  have  described  this  specimen  out  of  its  proper  place,  since 
its  structure  throws  an  unusual  light  on  its  causation,  and 
suggests  that  some  of  the  malformations  of  the  embryo,  at  any 
rate,  are  the  result  of  everyday  pathological  processes. 

Gross  malformations  are  common  enough.  It  is  certain  that 
small  tissue  malformations  are  even  more  conunon.  There 
are  few  people,  for  instance,  who  do  not  possess  a  cutaneous 
mole  or  two.  The  argument  applies  with  equal  force  to  the 
internal  organs,  but  here  malformations  are  not  easily  discovered 
and  are  often  found  only  by  accident.  It  was  not  until  recently 
that  the  amount  of  attention  began  to  be  paid  to  them  that  they 
deserve;  and  our  knowledge  of  them  is  still  very  imperfect. 
R.  Meyer  may  be  called  the  pioneer  in  this  field.  In  1905  ^^ 
he  published  a  paper  on  the  tissue  malformations  of  the  female 
generative  organs,  followed  in  1911  ^"^  by  one  on  those  of  the 
same  system  in  the  male.  In  1912  ^"  he  described  300  cases  from 
all  parts  of  the  body,  mostly  in  embryos  and  infants.  Among 
these,  however,  he  included  a  few  tumoiu's  whose  origin  he 
traced  to  malformations.  Lubarsch  "  has  made  an  important 
contribution  to  the  subject  in  a  paper  read  to  the  International 
Congress  of  Medicine  in  1010.  Three  years  later  Ilerxheimer  i" 
collected  our  knowledge  in  the  form  of  a  text-book.  I  have  for 
some  years  taken  a  considerable  interest  in  these  conditions, 
which  are  on  the  borderland  of  normal  and  morbid  histology, 
and  have  collected  a  number.  In  describing  these  1  shall  omit, 
as  far  as  possible,  all  the  instances  that  show  an  excessive  or 
l)lastoniatous  amount  of  growth,  as  they  nuist  be  included 
among  the  hamartomata.  It  nnist  be  confessed,  however,  that 
it  is  often  difficult,  if  not  impossible,  to  draw  the  line  between 
them. 

Tissue  niaironiiatioiis  can  \n:  (li\  idcd  into  anomalies  of  hulk, 
of  differentiation,  and  of  |)osilioii  and  blending  of  one  kind  of 
cell  with  another. 

The  anomaliis  of  hulk  anil  of  differentiation  oil  en  proeeetl 
hand  in  hand,  and  it  will  be  convenient  to  consider  tluin  together. 
If  they  are  below  the  normal  they  are  spoken  of  as  hypoplasias^ 
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if  in  excess  as  ht/prrphisias.  In  the  case  ol'  dinVrentiation  the 
anomaly  can  also  be  one  of  direction ;  cells  dilTcring  in  structure 
from  those  characteristic  of  the  part  of  the  body  are  produced. 
Here  we  have  a  hctcroplasia  or  hcteromorphosis. 

It  must  be  remembered,  however,  that  a  hypoplasia  is  able  to 
develop  on  the  basis  of  a  hyperplasia,  and  vice  versa.  Thus, 
the  persistence  of  an  embryonic  structure  which  normally 
disappears  again  is  an  instance  of  a  hyperplasia.  Hut  it  often 
persists  in  a  rudimentary,  i.  e.  hypoplastic,  form  ;  e.g.  the  Wolffian 
body  and  duct  in  the  female.  I  shall  treat  of  these  persistent 
embryonic  organs  under  a  separate  heading. 

The  anomalies  of  position,  and  of  blending  of  cells  of  different 
kinds  to  form  tissues,  and  of  tissues  to  produce  organs  can  be 
subdivided  according  to  whether  they  remain  at  the  site  of  their 
origin,  when  they  are  said  to  be  dislocated,  or  are  removed  from 
it  during  subsequent  development  to  come  to  rest  in  an  abnormal 
situation,  in  which  case  they  are  emigrant.  Faulty  blending 
may  be  due  primarily  to  a  hyperplasia  of  one  tissue,  or  to  a 
hypoplasia  of  another.  If  the  epithelium  is  the  part  responsible, 
we  can  speak  with  Herxheimer  i"  of  an  active  dislocation  or 
emigration.  If  the  less  highly  organised  mesenchyme  is  at 
fault,  the  process  is  said  to  be  passive. 

1.  The  IIyj)oplasias. — The  well-known  and  often-quoted  paper 
of  Schaper  and  Cohen  ^^  must  once  more  be  referred  to  here. 
They  pointed  out  that  all  the  differentiated  tissues  that  have  not 
lost  the  power  to  regenerate  contain  physiologically  hypoplastic 
cells.  Proliferation  and  functional  differentiation  are  antagon- 
istic. Once  a  cell  has  reached  a  certain  stage  of  differentiation 
it  can  no  longer  divide.  They  use  the  epithclia  as  examples, 
and  show  that,  in  squamous  epithelium,  it  is  in  the  elongated 
basal  cells  of  the  rete  Malpighii  alone  that  mitoses  are  found. 
In  columnar  epithclia  and  in  secreting  glands  mitotic  figures 
are  limited  to  definite  areas  which  correspond  with  the  small 
efferent  ducts  into  which  the  secreting  acini  open.  These  areas 
they  name  "  indifferent  zones,"  since  they  give  rise  to  the 
secreting  cpithelivun  on  one  side,  and  to  that  of  the  larger  ducts 
on  the  other.     Tliev  are  the  germinal  and  regeneration  centres. 

It  must  not  be  supposed,  however,  that  these  indifferent 
zones  are  quite  undifferentiated.  Schridde  ^^  has  shown,  for 
instance,  that  the  basal  cells  of  the  epithelium  of  the  foetal 
cesophagus  possess  traces  of  the  fibrillation  characteristic  of 
squamous  epithelium. 

The  important  point  nuist  be  remembered  that  these  zones 
perform  a  vital  function  by  remaining  hypoplastic  in  comparison 
with  the  other  cells  of  the  tissue.     It  is  doubtful  if  the  latter 
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could  ever  have  attained  to  their  liigh  degree  of  differentiation 
and  to  their  perfection  of  function  except  for  their  presence, 
unless  the  secreting  glands  were  to  have  been  built  up  on  a 
totally  different  plan. 

The  kidneys  of  infants  frequently  present  certain  anomalies, 
uliicli  were  first  described  by  Herxheimcr.-'  Fig.  12  represents 
a  section  from  a  healthy  kidney  of  a  female  child  of  seven  weeks. 
The  epithelial  cells  covering  the  glomeruli  are  mostly  round  or 
oval.  This  is  the  normal  appearance  at  this  age,  and  shows  that 
differentiation  is  not  completed.  Two  glomeruli  are  very  small 
and  solid.  A  malformed  one,  with  an  irregular  mass  of  nuclei 
projecting  into  a  triangular  Bo^vman's  capsule,  is  to  be  seen  about 


Fig.  12. 
Arrests  of  development  of  kidney  of  infant.     Magnif..  110. 

midway  between  the  lower  ends  of  the  two  large  cysts.  Two 
hyaline  glomeruli  are  also  shown.  The  cysts  are  occupied  In- 
inspissated  urine  and  retain  traces  of  a  flattened  epithelial  lining. 
Nowhere  is  there  evidence  of  inflammatory  change. 

The  small  and  malformed  glomeruli  are  obviously  arrested 
in  their  develoj)ment.  The  hyaline  changes  are  secondarv, 
and  are  of  universal  occurrence  in  damaged  glomeruli.  It  is 
now  generally  admitted  that  the  glomeruli  and  sceretino-  tubules 
of  the  kidney  are  developed  from  the  ei)ithelium  of  the  Wolilian 
ridge,  and  the  collecting  tubules  from  the  upper  end  of  the  ureteric 
bud  of  the  Wolilian  dnet.  If  these  structiu'es  fail  to  unite,  the 
former  become  distended  by  the  aceunuilation  of  urine,  and 
cysts  like  those  in  the  drawing  result.  Here  again  we  have  an 
arrest  of  development.  Its  cause  is  obscure,  but  depends  on 
the  highly  complicated  developmental  history  of  the  kidney. 
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Tlieb.c  arrests  dI"  clix  cldpiiunt  art'  hypoplasias.  Tluir 
cliiel"  interest  to  us  depends  on  their  late.  Two  glonieruH  in 
Fii>-.  12  had  undergone  hyahue  degeneration;  it  is  j)rol)al)le  that 
their  malformed  fellows  would  have  tlone  so  later.  At  all  events, 
Herxhcimer  "  is  empiiatic  that  they  become  less  numerous  as 
age  advances  and  disappear  entirely  towards  the  end  of  the 
first  year.  The  evidence,  therefore,  shows  that  they  do  not 
possess  the  slightest  tendency  to  proliferate;  they  are  all  of 
them  absorbed.  The  greater  part  of  the  epithelium  of  the  cysts 
has  disappeared;  its  remnants  are  flattened.  Their  only 
importance  lies  in  the  fact  that  they  represent  a  very  slight  form 
of  congenital  cystic  kidney. 

There  is  another  form  of  hypoplasia  of  the  kidney  which  is 
said  to  be  common  in  calves,  but  very  few  instances  of  wdiich 
have  been  recorded  in  man.  As  it  appears  to  be  closely  related 
to  the  common  "  embryonic  "  tumours  of  children,  I  must  refer 
to  E,  Meyer's  ^^  case.  In  a  girl  of  nine  weeks,  %vith  several 
other  malformations,  the  kidneys  were  of  the  usual  shape  and 
size,  but  contained  numerous  triangular  slightly  raised  pale 
areas  that  extended  from  the  surface  to  the  pelvis.  In  micro- 
scopic sections  they  were  seen  to  pass  gradually  into  the  healthy 
renal  substance,  and  to  consist  of  well-developed  small  glomeruli 
and  of  blindly  ending  straight  tubules.  The  convoluted  tubules 
were  absent,  but  were  represented  by  masses  of  cells  that,  in 
shape  and  size  and  occasionally  in  their  grouping,  corresponded 
with  them.  He  points  out  that  the  glomeruli  and  straight 
tubules  appear  during  the  second  month  of  embryonic  life,  and 
the  con^'olutcd  tubules  not  until  much  later,  and  concludes  that 
these  areas  are  local  arrests  of  development  and  differentiation. 

Similar  arrests  of  development  are  occasionally  found  in 
the  liver,  to  cystic  disease  of  which  organ  they  bear  the  same 
relation  that  the  small  renal  malformations  bear  to  cystic 
kidneys.  Fig.  13  represents  the  greater  part  of  one  of  these. 
It  was  found  accidentally  in  the  sections  in  the  immediate 
neighbourhood  of  a  cavernous  angioma  of  an  otherwise  healthy 
liver.  It  consists  of  fibrous  tissue  with  hyaline  changes  and 
of  numerous  dilated  bile  channels,  lined  by  a  single  layer  of 
epithelium.  In  the  lower  right-hand  corner  of  the  drawing 
it  is  connected  with  the  remains  of  a  portal  canal,  in  which  a 
small  healthy  bile-duct  is  to  be  seen.  v.  Meycnburg  ^^  has 
studied  these  areas  by  means  of  serial  sections.  He  concludes 
that  the  cystic  channels  are  small  bile-ducts  which  are  always 
connected  with  liver  cells,  but  end  blindly  below,  where  they 
never  form  a  junction  with  the  larger  bile-ducts.  He  discusses 
their  importance  in  the  developmental  history  of  the  liver,  and 
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draws  attention  to  tlic  old  \  ii\v  tlial  this  or^Mn  lias  a  dnal 
development,  like  the  kidney.  The  lar<ie  Inle-duets  arc  out- 
growths of  the  hepatic  divert iculuni  of  the  gut,  and  the  liver 
cells  and  small  bile-ducts  arise  in  a  solid  mass  of  cells  ( ?  meso- 
])last)  that  forms  a  cap  to  them.  It  seems  to  me  that  there  is 
a  good  deal  to  be  said  in  favour  of  this  view.  It  is  the  only 
one  that  explains  the  cases  of  congenital  cystic  disease  of  the 
liver. 

Since  angiomata  arc  tyi)ieal  hamartomata,  a  class  of  border- 
land cases  between  malformations  and  tumours  {vide  p.  245  of 
the  first  of  these  studies),  the  association  of  the  arrest  of  develop- 


FiG.  13. 

Arrest  of  development  of  liver.     Magnif.,  90. 

mcnt  in  Fig.  13  with  a  cavernous  angioma  throws  some  light 
on  the  manner  in  which  the  latter  has  been  formed. 


Branchial  cysts  are  perhaps  the  best  examples  of  arrests  of 
development  (Fig.  14).  They  are  usually  lined  by  a  mucous 
mendjrane  of  non-keratinised  squamous  rpit helium,  closely 
resembling  that  of  the  pharynx;  or,  much  less  frequently 
by  a  stratified  colunmar  "  respiratory  "  epithelium,  whose 
cells,  when  well  preserved,  can  usually  be  shown  to  be  ciliated. 
In  some  specimens  the  two  alternate  (Fig.  14).  Mucous  glands 
arc  rarely  found  under  the  columnar  epithelium.  A  ty{)ieal 
feature  of  these  branchial  cysts  is  the  presence  of  a  large  amount 
of  sub-cpithclial  lymphoid  tissue,  in  which  nodes  with  germinal 
centres  are  often  nunierous.  In  one  of  my  specimens  there 
is   a   well-developed    lympii    gland    within    the   capsule    of   the 


204       STUDIES    OX   TUMOUR    FORMATION 

cyst.  In  another  the  stjiianioiis  cpithchuni  has  sent  ninltiple 
crypts  into  the  lymphoid  tissue,  so  that  a  typical  tonsil  has 
resulted.  The  connective  tissue  of  the  wall  is  dense  and  fibrous 
or  loose  and  areolar.  In  one  case  I  have  seen  numerous  small 
islands  of  fibro-cartilagc,  without  a  perichondrium.  I  shall 
revert  to  these  later.  Bundles  of  striated  muscle  and  lobiUes 
of  fat  are  occasionally  present.  I  have,  however,  always  been 
able  to  trace  them  to  the  neighbouring  muscles  and  subcutaneous 
fat  in  the  instances  in  which  I  have  observed  them,  and  do 
not  regard  them  as  essential  primary  constituents  of  the  mal- 
formation. 

The  epithelium  of  the  cysts  is  a  derivative  of  the  entoderm. 


Fig.  14. 

Branchial  cyst.     Phaiyngcal  and  respiratoiy  epithelium  and  lymph-node. 

I\Iagnif.,  80. 


They  originate  in  the  branchial  pouches  of  the  pharynx.  They 
are  generally  believed  to  be  formed  by  the  abnormal  persistence 
and  isolation  of  a  superfluous  part  of  one  of  these  pouches, 
which  fails  to  involute.  But  I  know  of  no  evidence  that  the 
whole  of  the  epithelium  of  the  pouches  is  not  used  in  the  develop- 
ment of  the  lateral  lobes  of  the  thyroid,  the  parathyroids, 
and  the  thymus,  as  well  as  the  other  tissues  to  which  they 
give  rise.  A  better  explanation  that  does  not  postulate  an  excess 
of  tissue  has  been  advanced  by  Meyer.^"  Some  of  the  cells 
of  a  pouch,  which  normally  undergo  differentiation  into  higher 
secreting  tissues,  have  failed  to  do  so,  and  have  succeeded  merely 
in  producing  simple  forms  of  cntodermal  epithelium,  those 
that  line  the  pharynx  and  the  respiratory  tract,  together  with 
the  mucous  glands  of  the  latter.  (If  the  lymphocytes  or  cor- 
puscles  of    the   thymus   are   cntodermal,    then   it   is   possible, 
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although  perhaps  unprovable,  that  those  ol"  the  lymphoid  tissue 
whieh  is  always  present  in  branchial  cysts  may  have  the  same 
history.)  The  anomaly  is  due  primarily  to  a  hypoplasia,  or 
arrest  of  development.  11"  wc  neglect  lor  the  moment  the 
presence  of  cartilage,  several  explanations  of  which  are  possible, 
and  explain  the  coimective  tissue  wall  as  an  instance  of  capsule 
formation,  it  becomes  unnecessary  to  postulate  more  than  an 
anomaly  of  the  entoderm  alone. 

Among  my  specimens  there  is  one  composed  of  two  indepen- 
dently encapsulated  cysts,  separated  iVom  each  other  by  dense 
filjrous  tissue  and  fat.  One  of  these  has  the  structiwe  of  a 
tonsil,  its  capsule  contains  a  minute  lobule  ol"  a  salivary  gland. 
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.•Suppurati-d  luanchial  cyst.     Iiitiimiinatorv  hvpeii)lasia  of  epitlu'lium. 

MaLMiif..  !K». 

The  other  is  lined  by  freely  keratinised  s(iuani(»us  epithelium, 
with  small  sebaceous  glands,  aborted  hair  follicles,  and  one 
sweat  gland.  It  here  Ijccoiues  necessary  to  assume  an  anonialv 
of  the  ectoderm  of  the  l)ranchial  cleft  in  :idditi(»n  tt»  that  of 
the  entudenii. 


It  remains  for  us  fo  examine  the  degree  of  niaturitx-  of  tin- 
ej)itliehal  constituents  of  branchial  eysts.  In  fliose  that  I  have 
seen  they  were  always  perfectly  matun-,  and  recognisable  at 
once  as  pharyngeal  and  respirat(»ry  ej)itliehinn.  \ot  (»nce  do 
they  show  signs  of  iminatm-ity  or  the  slightest  tendency  to 
proliferate  to  an  imdue  extent.  Hut  these  cysts  are  Mabie  to 
become  inflanu-d.  and  to  suj)|)urate.  In  one  sueii  s|)eeimen 
the  squamous  ej)itlulium  which  has  become  macerated  and 
desquamated  in  many  places  possesses  a  delinite  stratum  cor- 
ncum  in  others.  It  has  grown  down  into  the  inllanunatorv 
gramilation    tissue    (Fitj.     IT))    ;is     jncguiar    branched     j)ai)ill;e. 
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many  of  which  appear  to  be  isohitcd  in  sections.  They  consist 
entirely  ot  cells  of  the  retc  INIalpi^hii,  and  are  obviously  in  an 
active  state  of  proliferation.  But  these  changes  are  jiurehj 
secondary  and  results  of  inflammation.  They  arc  strictly 
comparable,  the  one  with  the  hyperkeratosis  of  the  buccal 
and  pharyngeal  epithelimn  found  in  inflammatory  conditions, 
and  the  other  with  the  epithelial  down-growths  to  be  seen  in 
almost  c^•ery  ulcer  and  mass  of  granulation  tissue  that  have  been 
formed  on  a  surface  covered  by  squamous  epithelium.  To 
use  Cohnheim's  ^  (p.  SO-A)  words  :  "  For  on  reflecting  that  every 
stratified  epithelium  has  an  inherent  capacity  for  continued 
cell-production,  and  that  this  productive  power  is  augmented 
by  hyperaemia,  it  will  at  once  be  apparent  that,  even  without 
the  co-operation  of  an  epitJielial  germ,  the  cells  of  an  epithelium 
may  penetrate  into  the  coiuicctivc  tissue,  when  the  resisting 
power  of  the  latter  is  destroyed." 

I  could  not  resist  quoting  Colmheim,  since  the  changes  he 
describes  have,  in  the  present  instance,  been  brought  about 
in  the  manner  in  which  he  explains  them,  as  a  result  of  the  hyper- 
aemia of  suppuration,  in  a  developmental  anomaly  which  he 
himself  uses  as  an  argument  in  favour  of  his  theory  (p.  772, 
"  Subcutaneous  dermoids  of  the  neck  ").  They  result, from  the 
action  of  an  external  stimulus  or  change  of  environment.  That 
they  have  occurred  in  a  branchial  cyst  is  an  accident. 

Another  anomaly  due  primarily  to  a  hypoplasia  is  the  so- 
called  lingual  struma,  regularly  found  in  cases  of  sporadic 
cretinism.  This  disease  is  characterised  by  complete  absence 
of  the  normal  thyroid,  always  associated  with  a  tumour 
of  the  base  of  the  tongue,  which  communicates  with  the  foramen 
coecum.  Erdheim,^  who  was  the  first  to  describe  it,  states 
that  it  varies  greatly  in  structure,  and  contains  squamous  and 
cohunnar  ciliated  epithelium,  mucous  glands,  and  aborted 
thyroid  tissue.  All  these  structures  are  derivatives  of  the  thyro- 
glossal  duct,  since  they  are  fovmd  in  its  remnants  when  they 
persist.  The  duct  arises  as  a  bud  of  the  pharyngeal  entoderm 
at  the  foramen  coecum,  and  grows  caudad ;  its  distal  end  under- 
goes differentiation  into  the  median  lobe  of  the  thyroid.  Lingual 
strumas  are  therefore  instances  of  arrests  of  development  of 
the  duct,  which  has  failed  to  grow  beyond  its  site  of  origin 
and  has  undergone  a  rudimentary  form  of  differentiation  into 
the  simple  lining  epithclia  and  nmcous  glands  of  the  entoderm. 
At  best  it  produces  only  a  few  aborted  thyroid  vesicles.  (It 
is  of  interest  to  note  that,  in  the  cases  of  sporadic  cretinism 
examined  by  Erdheim,  the  lateral  lobes  of  the  thyroid,  deriv- 
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ativcs  of  the  fourth  cntodcrnial  branchial  j^ouchcs,  were  absent 
as  well,  and  that  the  thymus  was  small.  Sciiikler,-^  however, 
found  a  small  nodule  of  thyroid  tissue  close  to  the  upper  para- 
thyroids in  a  case  of  almost  complete  aplasia  of  that  gland  with 
cretinism,  and  regards  it  as  the  representative  of  its  lateral 
lobe.) 

An  excellent  instance  of  a  hypoplasia  is  Ileaky's "  ease 
of  ciliated  epithelium  in  the  (esophagus  of  a  seventh-month 
fcetus.  It  occurred  as  wcil-deliiied  irregular  })atches,  the 
stratified  epitliclium  being  pitted  to  receive  them.  Ilealey 
examined  sexeral  early  human  embryos,  the  oldest  of  which 
was  10  nmi.  in  length,  but  found  no  traces  of  ciliated  cpitheliimi 
in  them.  He  rejects  the  possibility  of  a  graft  IVom  the  trachea, 
and  concludes  by  stating  that  it  remains  to  be  demonstrated 
that  at  an  early  stage  in  its  development  the  oesophagus  is  a 
ciliated  tube.  Had  he  examined  older  foetuses,  or  consulted 
Schridde's  --  monograph,  he  would  ha\e  foimd  that  in  those 
of  from  44  to  110  nun,,  the  greater  part  of  the  oesophagus  is 
lined  by  ciliated  epithelium,  which  later  becomes  desquamated. 
Traces  of  it  arc,  however,  occasionally  found  at  birth.  Ilealcy's 
case  is  an  arrest  of  development;  the  normal  des([uamation  of 
the  ciliated  epithelium  has  been  retarded  in  an  umisual  degree. 

The  hyaline  glomeruli  of  the  kidneys  of  infants,  the  l)raii('liial 
cysts  and  lingual  strumas  are  tyj)ical  examples  of  malformations 
that  have  resulted  primarily  from  arrests  of  de\elopment 
or  hypoplasia.  The  fact  about  them  which  chiefly  interests  us 
here  is  that  their  tissues  are  always  mature.  They  Ikuc  pro- 
gressed in  din'erentiation  far  beyond  the  ])oint  reached  by  the 
cells  at  the  time  at  which  they  were  formed. 

It  is  not  easy  to  lix  the  latest  date  at  which  our  renal  ano- 
malies can  ha\e  been  })roduccd,  since  the  kidneys  are  not  fully 
de\(loped  until  after  birth.  A  terminal  jxriod  can,  on  the 
other  hand,  i)e  easily  fixed  for  branchial  cysts  and  lingual 
strumas,  liroman  '  (p.  2S()),  stales  (hat  the  "anlage""  of  the 
tiiyro-glossal  duet  can  be  distinguished  in  einlirvos  of  2-5  mm. 
(middle  of  third  week).  It  soon  elongates  and  its  ))roximal 
end  has  usually  atroj)hied  more  or  less  conijiletily  in  tinbryos 
of  7  8  nun.  (fourth  week).  According  to  (Grosser'"  (j),  l-K>), 
the  j)haryngeal  j)ouehes.  as  such,  disappear  at  an  larly  stage. 
The  third  j)oueh.  for  instance,  is  usually  no  longir  extant  in 
embryos  of  1  i  nun.  (sixth  week),  'flu-  oldest  specimen  in  which 
its  remains  were  present  mcasur(il  I'll  mm.  (seventh  wtck). 
Whereas  the  kidney  malformations  ha\c  a  late  date  of  origin, 
which  possibly  extends  into  extra-uterine  life,  the  others  originate 
during  the  early  weeks  of  de\(lopni(  nt. 
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At  these  early  ages  the  tissues  of  the  embryo  present  a 
very  undifferentiated  or  "  embryonic  "  appearance,  and  since 
branchial  cysts,  etc..  m  hen  we  see  them,  have  always  a  differen- 
tiated *'  adult  "  structure,  it  follows  that  in  such  cases  we  do  not 
see  the  actual  original  hypoplasia,  but  the  differentiated  cells 
into  which  it  has  developed.  This  is  an  important  point,  and 
one  I  desire  to  emphasise.  The  cells  of  hj-poplasias  regularly 
undergo  differentiation  more  or  less  simultaneously  with  that 
of  the  normal  tissues.  They  are  adult,  well-differentiated  cells, 
without  signs  of  proliferation  in  excess  of  that  foimd  in  normal 
structures,  although  Fig.  15  demonstrates  that  they  participate 
in  the  infirmities  of  the  flesh,  that  they  react  to  irritants  in 
precisely  the  same  manner  as  do  these. 

I  have  drawn  this  conclusion  here,  instead  of  at  a  later  stage 
of  this  study,  since  hypoplasias,  because  of  their  nature,  should 
be  the  most  "  hypoplastic  "  of  all  tissue  malformations. 

IJut  Cohnluim's  theory  postulates  the  common  occurrence 
of  cells  that  have  remained  undifferentiated  or,  at  most,  have 
attained  to  but  a  very  slight  degree  of  differentiation.  It 
thus  becomes  imperative  to  look  for  them.  They  are  usually 
spoken  of  as  "  cell-rests  " ;   I  propose  to  limit  this  term  to  them. 

These  cell-rests  are  always  classified  with  the  hyperplasias, 
since  it  is  assumed  that  they  consist  of  cells  which  were  produced 
in  excess  at  the  first  "  anlage  "  of  the  tissue.  They  w^ere  therefore 
not  used  in  its  growth  and  development,  and  have  remained 
in  an  imdifferentiated  condition.  This  is,  in  my  opinion, 
a  pure  assumption,  since  there  is  not  a  particle  of  evidence 
in  support  of  it.  We  do  not  really  know  what  are  the  influences 
that  regulate  the  size  of  organs,  or  to  what  extent  the  cells 
can  proliferate  when  unchecked.  Pathology  teaches  us  that 
the  amount  of  growth  cells  are  capable  of  is  far  in  excess  of 
that  necessary  to  produce  the  normal  organs.  What  are  con- 
genital aplasias,  hypo-  and  hyper-plasias  due  to?  To  irregu- 
larities in  the  size  of  the  "anlage,"  or  to  secondary  causes  in- 
hibiting or  stimulating  its  growth  ?  Again,  and  here  we  come  to 
the  object  of  this  study,  can  such  "  rest  "  cells  survive,  since  they 
perform  no  physiological  functions  ?  Until  this  point  is  settled, 
I  prefer  to  regard  cell-rests  simply  from  their  anatomical  aspect, 
as  groups  of  hypoplastic  cells. 

Since,  with  one  possible  exception,  I  haxe  never  seen  a  cell- 
rest,  I  nnist  turn  to  the  literature  i'or  information.  I  admit 
the  possibility  of  my  ha\ing  oNcrlooked  an  isolated  record, 
in  spite  of  having  kept  a  sharp  look-out.  The  truly  remarkable 
fact  confronts  us  that  the  published  cases  can  be  counted  on 
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the  lingers  ol'  both  hands.  E.  Meyer's  ^^  niuUorniation  of 
the  kidneys  of  an  infant  ol"  nine  weeks  has  been  mentioned 
above.  The  eonvohited  tubules  were  represented  by  solid 
masses  of  cells,  whieli  were,  however,  suHiciently  differentiated 
to  be  easily  reeognisable.  Hedren  ^  saw  very  similar  areas 
around  an  ""  embryonie  "  tumour  of  the  kidney  of  a  child  of 
eight  months.  Sehridde  --  figures  a  non-fibrillated  epithelial 
cell  among  the  fibrillated  squamous  basal  cells  of  the  fcetal 
oesophagus.  He  -^  found  identical  cells  in  the  lips  of  foetuses 
of  the  last  two  months  of  pregnancy.  Lubarsch  ^^  has  observed 
undifferentiated  cells  in  the  suprarenals,  kidneys,  and  livers 
of  infants,  especially  of  those  suffering  from  congenital  syphilis. 
R.  Meyer  ^'  has  a  record  of  the  presence  of  undifferentiated 
epithelium  in  the  cervix,  another  in  the  vagina,  and  a  third 
of  a  heap  of  granulosa  cells  in  the  cortex  of  the  ovary.  All 
these  were  found  in  full-term  foetuses.  The  only  observation 
of  the  kind  I  have  made  is  more  than  doubtful.  I  found  a 
small  collection  of  round  basophile  cells  in  the  medulla  of  a  supra- 
renal of  a  young  woman.  But  I  cannot  exclude  their  being 
lyniphocytcs,  although  there  is  no  evidence  of  inflammation 
around  them.  I  mention  them  merely  to  point  out  how  diflic-ult 
it  is  to  identity  these  cells. 

The  fact,  however,  remains  that  tluy  have  been  identified 
on  several  occasions  by  pathologists  who  have  systematically 
looked  for  them.  In  the  case  of  squamous  epithelium,  at  any 
rate,  whose  cells  arc  fibrillated,  the  task  of  finding  them  should 
not  be  an  impossil)le  one.  In  every  single  indisj)utabk'  ease 
they  were  present  in  the  foetus  or  in  very  young  children.  This 
fact  has  been  conmiented  on  by  all  the  writcis  on  the  subject. 
They  all  come  to  the  conclusion,  which  is,  as  a  matter  of  lact. 
the  only  rational  one,  that  cell-rests  always  die  and  are  absorbed, 
unless  they  complete  their  differentiation,  since  they  have  never 
been  di-monstrated  in  older  c-hildrcn  or  in  adults.* 

*  While  these  piij^es  were  in  the  j)re.ss,  I  have  liad  oceasion  to  read  sonic 
of  the  literature  on  tuberous  sclerosis  of  the  brain.  This  disease  is  characterised 
by  the  presenee  of  areas  of  localised  gliosis  of  the  grey  matter,  in  which  the 
iiornuil  arrangement  and  groujjing  of  the  ganglion  cells  is  disordered.  Many 
of  th(>se  cells  are  large,  pale,  and  often  multi-nucleated.  These  areas  are  arrests 
of  dev«-!opnu'nt.  and  present  the  characters  of  th(>  hainartomata  of  Albreeht. 
Tumours,  which  are  generally  nniltiple,  are  found  in  other  organs,  such  as  the 
skin,  heart,  thyroid,  intestines,  and  the  kidneys.  I  must  here  draw  attention 
to  Fischers  (Zinjler's  liiilmeije,  L.  p.  2.'{."),  liM  I)  |)a|>er  on  the  latter.  In  a  voung 
individual  he  found  areas  in  which  the  glomeruli  are  immature  and  solid,  and 
without  capillaries.  The  tubules  are  absent;  their  j)|ace  is  taken  by  solid 
bands  of  epithelial  cells.  It  cannot  be  denied  that  these  areas  are  arrests  of 
development.  They  correspond  very  closely  with  the  ca.se  of  Meyer  referreci 
to  above.  Those  rlescribed  and  figured  Jiy  Fischer  occurred  in  a  boy  of 
three.  In  lat«'r  life  they  are  replaced  by  nodules  of  adipose  tissue,  i)lain  muscle, 
and  thick-wallcd  arteries.      It  appears,  therefore,  that  the  life  of  these  arrests 
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I  must  here  express  a  doubt  il"  it  is  ever  possible  Tor  undifferen- 
tiated eells  that  perform  no  function  to  survive.  If  Schridde's  -'- 
cell  of  the  oesophagus,  for  instance,  Avhieh,  as  far  as  I  can  see, 
must  have  been  subjected  to  an  environment  identical  with 
that  of  the  fibrillated  cells  surrounding  it,  was  unable  to  com- 
plete its  differentiation,  there  nuist  have  been  something  wrong 
with  it.  I  cannot  understand  why,  in  that  case,  the  body  should 
have  failed  to  treat  it  like  every  other  diseased  cell.  If  it  suc- 
ceeded in  resisting  its  efforts  to  remove  it,  it  would  at  a  later 
period  have  become  encapsulated  and  thereby  rendered  easily 
visible.  But  there  are  no  records  of  such  encapsulated  undifferen- 
tiated cells  in  adults.  Again,  take  the  case  of  branchial  cysts. 
There  must  be  some  reason  why  the  body,  which  is  able  to  deal 
successfully  with  much  larger  inflammatory  lesions,  fails  to 
absorb  these  useless  embryonic  remains.  It  is,  surely,  because 
they  are  built  up  of  mature  cells,  strictly  comparable  with  those 
that  line  the  pharynx  and  the  trachea.  I  believe  that  we  should 
distinguish  between  two  kinds  of  cellular  activity,  the  physio- 
logical, which  is  of  use  to  the  body,  and  the  histological  or  tissue 
function,  which  need  be  of  no  use  except  to  the  cell  itself.  In 
order  to  justify  their  existence  and  to  escape  destruction  cells 
must  perform  the  latter,  even  though  it  be  nothing  better  than 
to  form  a  lining  to  an  adventitious  cyst.  But  they  cannot 
perform  this  function  if  they  remain  undifferentiated.  The 
"  immature  "  ova  and  the  spermatogonia  are  no  exceptions 
to  this.  I  believe  that  Child  ^  is  perfectly  correct  when  he  claims 
that  they  are  old,  mature  cells.  Nor  do  Schaper  and  Cohen's  ^^ 
indifferent  zones  vitiate  the  argument,  since  by  remaining 
mdre  or  less  undifferentiated  they  perform  a  function  which 
is  indispensable  to  the  continued  existence  of  the  tissue. 

of    development  is  limited,  and    that  they  do  not  persist  indefinitely  in  the 
undifferentiated  state. 

The  most  important  point,  however,  of  Fischer's  observations  is  this.  In 
a  male  of  sixteen  he  found  a  small  round  solid  heap  of  epithelial  cells,  connected 
with  the  side  of  a  convoluted  tubule,  and  a  similar  nodule  with  a  collecting 
tubule  in  its  midst.  In  a  male  of  eighteen  he  observed  small  nodules  of  un- 
differentiated epithelium  among  the  adipose  tissue  and  the  smooth  muscle  of 
the  tumours.  In  a  female  of  twenty-five  a  few  small  groups  of  epithelial  cells 
without  glandular  arrangement  were  seen  in  the  tumours.  Fischer  points  out 
that  these  epithelial  formations  correspond  exactly  with  the  undifferentiated 
renal  blastema.  Unfortunately  he  does  not  figuie  them,  and  the  explanation 
is  possible  that  they  were  produced  by  secondary  proliferation  of  the  epithelium 
of  renal  tubules.  To  judge,  however,  from  the  general  excellence  of  his  paper, 
and  the  clearness  of  his  descriptions,  there  is  no  reason  to  suppose  that  he  was 
mistaken.  Even  if  we  leave  out  of  consideration  the  last  two  of  his  cases,  in 
Avhich  the  epithelium  formed  part  of  definite  tumovu's,  the  first  case  remains. 
Here  these  structures  were  found  in  the  midst  of  the  renal  parenchyma.  We 
cannot,  therefore,  get  away  from  the  fact  that  pieces  of  undifferentiated  renal 
blastema,  or  true  '"  cell-rests  "  in  the  sense  of  Cohnheim,  do  occasionally  persist 
for  sixteen  years. 
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2.  Tlic  Hyperplasias. — Pure  liyperplasias  that  arise  during 
the  course  of  development  arc,  from  our  point  of  view,  chiefly 
of  tlieort'tical  interest.  As  I  liavc  just  said,  they  are  assumed 
to  be  the  nucleus  on  which  cniln'yonic  cell-rests  are  l)uilt.  They 
may  also  give  rise  to  many  of  the  errors  of  blending. 

Practically  every  suprarenal  contains  microscopic  areas  of 
hyperplasia  of  the  cells  of  its  cortex.  They  are  as  conmion 
in  children  as  in  adults.  Tlic  only  fatal  suprarenal  I  possess 
happens  to  contain  them. 

Fig.  10  represents  a  general  enlargement  of  the  thyroid, 
said  to  have  been  present  since  birth  in  a  child  of  three.  It 
shows  complete  absence  of  colloid  and  a  hyperplastic  and  pro- 
liferative i'orm  of  degeneration  of  its  epithelium,  and  is  indis- 
tinguishable   histologically   from   many   a   wcll-cstablishcd   case 
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Fig.  16. 
Congenital  enlargement  of  thyroid.     Mapnif.,  170 


of  (iraves'  disease.  It  appears  to  me  to  be  an  excellent  example 
of  the  trntli  that  ante-natal  does  not  differ  IVom  post-natal 
pathulofry.  l^)th  ]Kriods  are  subjected  to  the  same  disorders, 
although  the  end  restilts  may  be  very  different  indeed. 

:\.  Tlic  Ilctcroplasias. — There  arc  several  closely  alht d  errors 
of  the  direction  that  differentiation  has  taken,  of  which  those 
that  have  occnrred  during  the  course  of  de\-elopment  alone 
coneeni  ns  licic.  The  best  known  nrv  the  *"  np|)er  eanliae 
glands"  of  the  (rsojihagus,  lound  at  the  le\-el  of  the  cricoid 
cartilage  in  a  high  ])ereentage  of  individuals.  Fig.  17  is  a  drawing 
of  the  edge  of  one  of  these.  The  squamous  cj)itheliinn  ends 
al)rnj)tly,  its  ])laee  being  taken  by  a  collection  of  glands  which 
corresjxind  exactly  with  those  of  the  cardia.  Although  auto- 
<ligestion  was  well  advanced  (proving,  by  the  way,  that  the 
heteroj)lasia   ha<l   secreted   a   gastric  juice),   a   few  oxyntic  cells 
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remain.     The  glands  are  superlicial  to  the  nniseiUaris  niucosjc 
of  the  (xsophagus. 

This  hcteroplasia  can  only  have  originated  at  the  time  of 
development  "when  the  entodermal  cells  became  dilTercntiated 
into  those  of  the  oesophagus  and  of  the  stomach.  For  reasons 
unknown  the  cardiac  character,  which  is  recessive  in  the 
remainder  of  the  oesophagus,  acquires  dominance  at  tlie  level 
of  the  cricoid  cartilage  in  a  considerable  number  of  individuals. 
These  and  similar  anomalies,  a  considerable  mnnber  of  which 
coidd  be  mentioned,  do  not  postulate  a  displacement  of  tissue. 
It  is  the  cells  of  the  region  in  which  thev  are  found  that  have 
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Fig.  17. 

UpjK'r  cardiac  glands  of  oesophagus.     Magnif.,  80. 


developed    into   perfectly    normal,    fully   differentiated    tissue, 
whose  only  anomaly  is  one  of  position. 

4.  Persistent  Embryonic  Organs. — The  renuiants  of  the 
^Volf!ian  body,  known  as  the  parovarium,  and  those  of  the 
W(jlfnan  duct  in  the  female  arc  classic  examples  of  the  persistence 
of  foetal  organs.  The  former  ought  perhaps  to  be  regarded  as  a 
normal  structure.  I  have  never  failed  to  find  it  in  the  broad 
ligaments  I  have  examined,  and  doubt  if  it  is  ever  completely 
absent.  Since  it  exhibits  great  variations  in  size  in  different 
individuals,  it  appears  to  be  on  the  borderland  between  normal 
and  abnormal  persistences  in  a  hypoplastic  state,  for  it  repre- 
sents the  epididymis,  its  homologue  in  the  opposite  sex,  on  a 
nidimentarv  scale. 
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Fig.  18  shows  part  of  a  typical  panjvariiini.  It  is  built 
up  of  a  series  of  tui)ules  lined  by  small  cubical  or  columnar 
cells,  often  in  more  than  one  layer,  each  of  which  is  surrounded 
by  a  fibro-muscular  envelope  of  varying  thickness,  or  sometimes 
absent.  The  tubules  are  collected  into  groups,  held  together 
by  the  areolar  tissue  of  the  broad  ligament. 

Although  the  tissues  of  the  parovarium  arc  rudimentary,  they 
show  no  signs  of  being  undifferentiated,  and  can  at  once  be 
recognised  as  having  the  orderly  arrangement  of  those  of  an 
organ.  The  tubules  produce  a  secretion,  owing  to  the  retention 
of  which  they  arc  very  liable  to  become  cystic.  The  cysts 
are  small  or  large.     The  latter  are  of  clinical  and  pathological 
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interest,  and  will  l)e  dealt  with  later.  The  epithelium  of  the 
small  cysts  often  shows  signs  of  proliferation.  Thcsi-  arc, 
however,  no  greater  than  in  other  retention  cysts,  and  arc  due 
to  the  stimulating  effect  of  the  tension  exerted  on  the  epithelium 
by  the  accumulation  of  secretion,  which  induces  them  to  keep 
pace  with  tlu-  increase  in  (•ircuiiiference  entailed. 

The  duct  of  (iartner.  as  the  Wolllian  duct  is  named  in  the 
female,  is  nuieh  more  variable  in  the  extiiit  to  which  it  persists. 
Small,  usually  cystic  remnants  of  it  can  be  traced,  according 
U>  Meyer,!*  between  the  layers  of  the  broad  ligament,  close 
to  the  sidi-  of  the  uterus,  to  the  level  of  the  internal  os.  Thence 
it  can  be  I'ojldwed  within  the  superficial  part  of  the  cervix,  over 
the  Nault  (•!'  the  \a'Miia.  and  in  its  lateral   wall  to  the  hvmen. 
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I  have  seen  its  remnants  in  the  cervix ;  its  lumen  Avas  lined 
by  several  roAvs  of  small  enbieal  cells.  In  the  lower  part  of  the 
cervix  it  forms  an  ampulla  ^vhich,  according  to  INIeyer,  is  the 
homologue  of  that  of  the  vas  deferens.  I  have  observed  a 
large  cyst  of  tliis  nature.  Its  walls  were  folded  and  presented 
branched  papillary  projections,  and  were  lined  by  a  single  layer 
of  cubical  or  columnar  cells. 

It  is  of  interest  to  note  that  the  tubules  of  the  parovarium 
and  the  renmants  of  Gartner's  duct  in  the  broad  ligament  are 
occasionally  lined  by  squamous  epithelium.  The  assumption 
of  a  displacement  of  cells  is  unnecessary  in  these  cases,  they  are 
correctly  explained  as  anomalies  of  differentiation. 


Thyro-glossal  cysts  are  instances  of  abnormal  persistence. 
They  are  formed  by  an  accumulation  of  secretion  within  rem- 
nants of  the  duct  of  that  name.  They  arc  found  in  the  anterior 
middle  line  of  the  neck,  between  the  base  of  the  tongue  and  the 
thyroid  gland,  and  arc  perhaps  most  frequent  behind  the  hyoid 
bone.  They  are  lined  by  squamous  epithelium,  which  is  some- 
times keratinised,  or,  more  frequently,  by  ciliated  respiratory 
epithelium.  Differentiation  can  proceed  beyond  this  stage, 
however.  This  is  shown  by  Fig.  19.  The  specimen  illustrated 
was  removed  from  the  hyoid  region  of  a  boy  of  eight,  several 
months  after  an  unsuccessful  operation.  Parts  of  two  cross- 
sections  of  the  duct  are  seen,  surrounded  by  inflammatory 
granulation  tissue.  Its  epithelium  is  hyperplastic  and  inflamed, 
being  much  increased  in  thickness  above  the  two  or  three 
layers  which  generally  form  the  lining.     Near  the  lower  left- 
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hand  corner  of  the  dnnvino-  there  is  a  sohd  mass  of  epithelium 
identical  -with  that  of  the  two  large  ducts,  whose  cells  have  in 
part  undergone  differentiation  into  young  thyroid  alveoli. 
Two  other  groups  of  thyroid  vesicles  are  present,  one  of  which 
is  young,  whereas  the  other  consists  of  small  atrophic  adult 
structures. 

A  good  deal  of  differentiation  into  thyroid  tissue  occasionally 
takes  place  in  these  cysts.  I  have  seen  two  accessory  thyroids 
produced  in  this  way.  One  was  found  on  the  anterior  wall 
of  the  larynx  below  the  hyoid  in  a  man  of  forty-six.  It  measures 
about  a  cm.  in  diameter,  and  consists  principally  of  an  encap- 
sulated nodule  of  hyperplasia,  or  an  adenoma  (I  never  know 
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what  to  call  these  tumours),  surrounded  by  atrophied  and  com- 
pressed thyroid  tissue.  Since  these  nodules  are  et)nunon  in 
the  thyroid,  there  is  nothing  surprising  in  the  presence  of  one 
in  an  accessory  organ. 

The  other  case  is  of  greater  interest.  It  measiu'es  *J  em.  in 
length  and  was  removed  from  behind  tlie  hyoid  of  a  girl  of  nine- 
teen. It  consists  of  lobules  of  thyroid  tissue  separated  by  dense 
lil)rous  septa,  without  signs  of  inllanunation.  .\  few  remnants 
of  the  duct,  lined  i)y  a  double  row  of  cohumiar  cells,  oeeujiv 
sj)aees  in  the  fibrous  tissue.  Fig.  20  shows  parts  of  two  of  the 
nodules  of  thyroid  tissue.  The  smaller  one  consists  of  groups 
of  epithelial  cells,  many  of  which  are  solid,  whereas  others  have 
aecjuired  hnnina  and  contain  colloid.  It  rii)resents  the  gland 
at   a   eonij)arati\  ely   early   stage   of  development.     There   are, 
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however,  no  irregularities  of  the  orouping  of  cells,  they  arc  alt 
tending  to  produce  typical  thyroid  tissue.  In  the  larger  nodule, 
only  a  small  part  of  which  appears  in  the  figure,  colloid  formation 
is  much  more  advanced,  but  the  grouping  of  the  cells  and  the 
shape  of  the  vesicles  is  much  more  atypical  than  in  the  other. 
It  resembles  the  appearances  seen  in  certain  hyperplastic 
adenomata  of  the  gland. 

It  must  be  admitted  that  some  of  the  thyroid  tissue  in  Fig.  19 
and  the  smaller  nodule  in  Fig.  20  present  a  remarkably  embryonic 
appearance.  If  I  interpret  the  former  figure  correctly,  it 
demonstrates  that  the  cells  of  the  thyro-glossal  duct  that  have 
not  been  absorbed  according  to  the  general  rule  have  retained 
the  capacity  to  undergo  their  physiological  development. 
It  is,  in  my  opinion,  an  instance  of  differentiation  of  normal  type, 
but  retarded.  It  may  be  that  some  stimulus  necessary  ibr  the 
conversion  of  the  respiratory  epithelium  of  the  duct  into  secreting 
thyroid  tissue  was  absent.  I  do  not  know  what  this  stimulus 
was.  It  may  have  been  provided  by  the  altered  blood  supply 
or  the  inflanmiation  set  up  at  the  time  of  the  first  operation. 

The  appearances  seen  in  Fig.  20  can  be  explained  in  a  similar 
wav.  We  are  not  compelled  to  assume  that  the  thyroid  tissue 
had  remained  in  this  undifferentiated  "  embryonic  "  state  for 
nineteen  years.  The  hyperplastic  condition  of  the  big  nodule 
suggests  that  there  was  a  demand  on  the  part  of  the  body  for 
more  thyroid  tissue.  The  short  history  supports  this  view.  So 
does  the  age  of  the  patient,  one  at  w  hich  disorders  and  enlarge- 
ments of  the  thyroid  frequently  make  their  appearance. 
Although  there  were  no  symptoms  of  thyroid  insufficiency, 
it  i^  quite  possible  that  this  was  a  case  in  which  every  little  helps, 
and  that  the  persistent  piece  of  thyro-glossal  duct  was  stinmlated 
to  take  on  its  cmbryological  function  and  to  differentiate  into 
secreting  glandular  tissue.  Here  we  would  have  a  stimulus 
capable  of  producing  such  a  physiological  effect. 

Be  this  as  it  may  be,  the  fact  remains  that  these  two  specimens 
are  striking  instances  of  undifferentiated  "  embryonic  "  tissues 
found  in  childhood  and  early  adult  life.  But,  and  this  is  even 
more  important,  these  tissues  appear  to  be  undergoing  an 
orderly  course  of  differentiation,  and  display  no  tendency  to 
proliferate  beyond  the  amount  seen  in  hyperplastic  conditions 
due  to  some  physiological  cause. 

Duplication  of  parts  and  abnormal  diverticula  of  tubes  are 
instances  of  hyperplasia.  Meyer  ^^  has  given  an  exhaustive 
account  of  these.  I  will  do  no  more  than  mention  that  many 
mesenteric  cysts  are  produced   in  this  way.     They  arc  lined 
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by  intestinal  or  by  squamous  cpitlieliuni,  and  their  walls  contain 
a  varying  amount  of  plain  muscle. 

Manv  more  instances  of  anomalies  ol'  l)ulk  and  of  differentia- 
tion could  have  been  oivcn.  but  these  will  suilice.  In  the  next 
studv  I  propose  to  discuss  the  most  important  of  the  tissue 
malformations  that  are  caused  by  errors  of  position,  and  in  which 
displacement  is  often  a  prominent  feature. 

Conclusions. 

Tissues  that  are  found  in  abnormal  positions  as  the  result 
of  an  error  of  development  have  not  necessarily  been  displaced. 
In  the  instances  considered  they  have  arisen  in  situ  as  anomalies 
of  bulk  and  of  differentiation. 

The  cells  of  tissue  malformations  undergo  their  differentia- 
tion at  the  same  time  as  the  normal  tissues.  At  most  they  lag 
liehind  to  a  slight  extent.  In  exceptional  circumstances  their 
physiological  development  is  retarded.  They  show  no  signs 
of  persistence  in  an  "  embryonic  "  state,  or  of  active  prolifera- 
tion beyond  that  seen  in  normal  organs  as  a  result  of  stimulation 
by  inflammation,  the  needs  of  the  body,  and  other  physiological 
causes  :    of  their  environment,  in  other  words. 

In  the  rare  instances  in  which  an  accessory  glandular  organ 
presented  an  "  embryonic  "  appearance,  the  assumption  is 
probably  correct  that  it  had  only  recently  bcgim  to  be  differen- 
tiated in  a  regular,  })hysiological  mann(T  from  the  simj^ler  cells 
of  the  original  malformation.* 

*  Undiffeivntiated  '•  ccll-icsts,"  as  postulated  by  Cohnheim\s  theory,  are 
extremely  rare,  and  have  only  been  found  later  than  the  tiist  few  months  of 
extra-uterine  life  in  cases  of  tul)erous  selerosis.     It  is  their  usual  fate  to  disappear. 

Why  these  cell-rests  should  persist  only  in  the  nialforuiations  of  tuberous 
sclerosis,  whereas  they  invariably  disappear  in  all  others,  adds  one  more  to  the 
many  obscure  problems  of  this  mysterious  disease. 
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SrOXTAXEOlS    RUPTURE     OF    THE    SPLENIC 

VEIN   IN   A   CASE   OF   ENLARGED    LIVER 

AND   SPLEEN 

WITH  NOTES  OX  THE  CITRATE  METHOD  OF  TRAXS- 
FISIOX.  AXD  THE  POSSIBILITIES  OF  AUTO- 
TRAXSFUSIOX 

By  W.  H.  OGILVIE,  M.Ch.,  Surgical  Registrar,  Guy's  Hospital. 

During  1919,  when  we  were  both  on  the  staff  of  the  ^lihtary 
Orthopa-dic  Hospital,  I  had  several  conversations  with  Mr. 
H.  H.  Sampson  of  the  General  Hospital,  Birmingham,  on  the 
methods  of  blood  transfusion  used  during  the  war.  He  told  me 
that  he  had,  while  in  Franee,  conceived  the  idea  of  collecting 
blood  found  free  in  the  peritoneal  cavity  in  cases  of  abdominal 
gunshot  woimds,  and  transfusing  the  patient  with  his  own  red 
cells,  but  had  been  unable  at  the  time  to  carry  out  this  idea  in 
practice.  In  September  1921  I  had  to  operate  on  a  case,  in 
which  the  procedure  suggested  by  Mr.  Sampson  seemed  to  offer 
a  chance,  though  an  infinitely  slender  one,  of  saving  life.  The 
result,  while  unsuccessful,  convinced  me  that  we  have  in  auto- 
transfusion  a  method  which  has  a  definite  place  in  surgery, 
and  one  which  nuiy  possibly  turn  the  scale  in  favour  of  the 
patient  in  an  apparently  hopeless  case. 

Spontaneous  Rupture  of  the  Sphnic  J'ciu  in  a  Case  of  Enlarged 
Liver  and  Spleen  ;    Spleneetomi/  :    Death 

F.  R.,  a  cici-k.  aged  thirty-one,  was  admitted  into  (iuy's 
Hospital  under  Dr.  Herbert  French  on  the  Sth  of  Septenil)cr, 
1921,  At  the  age  of  fifteen  he  had  ''jaundice  and  an  enlarged 
liver."  For  the  last  eight  or  nine  years  he  had  had  "  liver 
attacks  "  every  two  or  three  months.  During  these  attacks  he 
became  yellow  and  his  urine  was  dark  in  colour,  but  his  stools 
were  not  elay-e«.l«»ur»(l.  He  did  not  feel  really  ill  in  the  attacks, 
which  only  lasted  a  few  days.  Latterly  his  complexion  was 
always  yellowish,  even  between  attacks. 

During  July  and  August  1921  he  had  two  attacks,  in  which, 
in  addition  to  the  above  symptoms,  he  became  breathless  and 
had  sharj)  pains  over  the  liver  and  in  both  sides.  Roth  these 
attacks  lasted  only  a  few  davs. 
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Condition  on  acbniss ion. —There  was  a  distinct  yellowish  tinge 
about  the  skin,  nuicoiis  membranes,  and  conjimetivjr.  The 
liver  extended  nearly  as  far  as  the  unibiliens.  The  s])leen  came 
well  below  the  lunbilieiis,  reaching  at  its  lowest  j)oint  a  line 
drawn  from  the  imibiliciis  to  the  left  anterior  superior  sj)inc  of 
the  ilium.      Xo  free  Ihiid  could  be  detected  in  the  abdomen. 

Blood  cKiniindtion  : 


Hjrmoglobin    . 
Red  cell  count 
\\  hit(^  cell  count 
DilTerentinl  white  count 


90  ])er  cent. 
5,680,000  per  cub.  mm. 
2,800  per  cub.  mm. 
Xorinal, 


Urine. — Contained  urobilin  and  traces  of  bile  pigments. 

Progress. — On  September  22  at  7  p.m.  tlie  patient  began  to 
be  restless,  and  complained  of  a  feeling  of  distension  in  the 
abdomen,  but  there  was  no  actual  ])ain.  At  10.15  p.m.  he  began 
to  vomit,  became  nuich  more  restless,  and  would  not  lie  down. 
The  ])ulsc  was  now  96.  The  abdomen  was  markedly  distended, 
and  showed  movable  dullness  and  a  fluid  thrill.  At  11.45  p.m. 
the  restlessness  was  still  more  marked,  and  the  abdomen  was 
extremely  tense.  A  small  trocar  was  plunged  through  the 
parietcs  on  the  left  side  about  one  inch  above  the  iliac  crest, 
and  what  a])peared  to  be  pure  blood  s))urted  out  imder  con- 
siderable })ressure.  As  the  spleen  was  known  to  be  large,  it 
was  thought  that  this  might  have  been  entered.  Two  more 
punctures  were  therefore  made  on  the  right  side  of  the  abdomen, 
and  on  each  occasion  revealed  blood.     The  pulse  was  now  110. 

Operation. — I  saw  the  patient  at  midnight  with  Dr.  J.  A. 
Ryle.  He  was  now  very  pale,  anxious-looking,  with  a  cold 
clanmiy  skin,  air  hmiger,  and  great  restlessness.  It  Was  obvious 
that  an  inmiediate  laparotomy  to  lind  the  source  of  the  bleeding 
offered  him  his  only  chance,  and  ecpially  obvious  that  he  could 
not  be  touched  without  a  preliminary  transfusion.  As  hi*? 
relatives  lived  at  Tunbridge  Wells,  and  as  inmiediate  action  was 
imperati\e,  I  decided  to  try  auto-transfusion,  being  influenced 
by  the  knowledge  that  his  abdomen  contained  a  large  amount 
of  fluid  blood. 

At  12.30  a.m.  IMr.  Jionar  gave  gas  and  oxygen,  and  a  left- 
sided  Koeher's  paraeostal  incision  was  made  down  to  the 
peritoneum.  A  stab  was  then  made  into  the  peritoneum,  and 
the  jet  ol'  blood  which  spurted  out  was  caught  in  a  jiint  measure 
containing  sodium  citrate.  After  this  a  further  2.1  pints  were 
caught  in  a  sterile  basin  containing  sodium  citrate  solution. 
As  the  flow  of  blood  seemed  now  faster  than  ever,  the  wound 
was  rapidly  opened,  and  the  hand  plunged  into  a  pool  of  blood. 
Dr.  Ryle  meanwhile  started  running  the  blood  which  had  been 
collected  into  the  patient's  right  median  basilic  vein.  I 
quickly  found  that  grasping  the  sj)lenic  pedicle  arrested  the 
gush  of  blood.  Further  investigation  being  out  of  the  (jucstion, 
I  therefore  carried  out  a  splenectomy,  being  considerably 
hampered    by  the   size  of  the   sj)I((ii.   and   by  dense  adhesions 
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between  it  and  the  (lia]:)In-afrni.  The  diaphrafrniatic  adhesions 
were  hgatured  off.  The  chimps  were,  howcxcr,  left  on  the 
pediele  of  the  spleen,  and  the  abdomen  lapidly  eh)se(L  Tlie 
operation  histed  about  thirty-hve  minutes. 

The  patient's  condition  started  to  improve  as  soon  as  trans- 
i'usion  was  conniicneed.  He  was,  however,  profoundly  shocked, 
and  restlessness  returned  as  soon  as  he  started  to  come  out  of  the 
ana-sthetic.     He  died  at  5  a.m. 

Pu.st- mortem. — The  spleen  was  fibrotic,  and  weighed  6t0 
grammes.  There  were  no  lacerations,  and  no  torn  vessel  was 
found  anywhere  in  the  abdomen.  The  fact  that  clamping  the 
splenic  pedicle  arrested  the  haemorrhage  may  therefore  be 
taken  as  proof  that  the  blood  came  from  a  large  vessel  in  the 
pedicle  itself,  probably  the  vein. 

The  liver  was  enormously  enlarged,  and  everywhere  contained 
nodules,  the  largest  of  which  was  the  size  of  a  tangerine  orange. 
These  were  lighter  than  the  rest  of  the  liver  and  greenish  in 
colour. 

Both  lungs  showed  small  hard  nodules  scattered  throughout 
their  substance. 

Microscopic  sections. — The  spleen  showed  extensive  fibrosis 
only. 

The  liver  showed  cirrhosis,  on  which  was  implanted  a 
primary  hepatic  carcinoma  with  large  darkly  staining  hepatic 
cells  arranged  in  irregular  lobules. 

The  nodules  in  the  lungs  showed  neoplastic  cells  arranged 
and  grouped  in  hepatic  fashion. 

Indications  for  Auto-transfusio7i 

This  case  demonstrates  that  it  is  certainly  possible  in  an 
emergency  to  make  use  of  the  patient's  own  effused  blood  for 
piu'poscs  of  transfusion,  provided  only  that  a  2i  per  cent, 
solution  of  sodium  citrate  in  normal  saline,  or  the  materials  for 
making  such  a  solution.,  are  kept  in  readiness.  Where  such  a 
solution  is  available,  auto-transfusion  can  be  applied  whenever 
a  collection  of  uncoagulated  blood  is  discovered  diu'ing  operation 
on  a  case  of  luemorrhage.  This  will  undoid^tedly  be  an  infre- 
quent occurrenci'.  It  will  probably  only  be  found  in  cases  where 
bleeding  has  occurred  into  the  large  serous  cavities.  The  blood 
in  penetrating  wounds  or  injuries  of  the  abdomen  will  usually 
be  contaminated  with  intestinal  contents.  However,  traumatic 
ruptun-  of  the  spleen  and  traumatic  ha-mothorax  suggest 
themselves  as  conditions  where  auto-transfusion  might  easih- 
turn  the  scale  in  favour  of  sur\  i\  a!  in  an  exsanguincd  case. 

Oflicr  M<  flioils  of  Triuisfnsion 

Hlood  transfusion  has  now  been  j)laced  on  a  s(H'ure  footing 
as  one  of  the  most   valual)K'  of  all  remedial  measiu'cs  at  our 
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disjiosal.  The  dilTcrcnt  conditiDns  in  Avliich  its  value  luis  been 
ostahlislicd  beyond  (jnestion,  and  still  more  the  conditions 
in  w  hieli  its  use  has  been  sng'gcsted  and  oeeasionally  employed, 
are  now  so  nimierons.  that  Ave  are  aj)t  to  lose  sight  of  the  fact 
that  there  is  one  conditit)n  in  which  its  imj)ortance  is  supreme. 
That  condition  is  a  severe  primary  lurmorrhage  due  to  trauma. 
In  allowing  our  interest  to  stray  to  conditions  in  which  the  value 
of  blood  transfusion  is  less  direct,  such  as  the  anaemias  or  chronic 
tt)xic  states,  we  have  been  inclined  to  assess  the  alternative 
methods  open  to  us  more  by  their  theoretical  soundness  than 
by  their  practical  ap])licability.  Traumatic  j)riniary  lurmorrhagc 
is  a  condition  that  may  occur  absolutely  unforeseen  in  the  most 
remote  places  and  among  the  most  unproj^itious  surroundings. 
It  is  specially  apt  to  occur  in  the  yoimgest,  most  active,  and 
healthiest  of  men,  and  therefore  those  in  whom  a  death  that 
could  possibh'  be  a\erted  is  a  tragedy  of  the  first  magnitude. 
Immediate  blood  transfusion  offers,  in  a  severe  case,  the  only 
hope  that  such  a  calamity  can  be  avoided.  A  method  which 
can  he  aj^plied  under  such  conditions  must  be  possible  to  carry 
out  with  no  special  apparatus,  no  assistance,  no  technical  skill, 
and  must  Ijc  one  that  cannot  fail.  The  only  method  satisfying 
these  requirements  is  the  "  jug  and  funnel  "  citrate  method. 

Methods  of  blood  transfusion  fall  roughly  under  three 
headings  :  the  direct,  vein  to  vein  or  artery  to  vein ;  the  indirect, 
by  syringe  or  paralfin-coatcd  vessels;  and  the  citrate  methods. 
The  methods  in  the  first  and  second  groups  demand  rapid  work, 
a  certain  degree  of  technical  skill,  and  the  impedimenta  of  a 
surgical  operation,  and  in  both  failures  cannot  be  entirely 
eliminated.  In  the  less  urgent  conditions  calling  for  transfusion, 
where  the  time  and  place  can  be  chosen,  and  where  a  failure  will 
not  mean  a  healthy  life  thrown  away,  the  ideal  method  is  probably 
the  transference  of  whole  blood  by  means  of  a  parallin-coated 
vessel.  The  citrate  methods  demand  less  speed,  but  many  of 
them  require  a  delicate  technique,  and  the  possession  of  a  special 
apparatus  which  has  to  be  sterilised  beforehand  in  the  autoclave. 
In  a  matter  of  life  and  death  there  is  no  time  to  summon  the 
expert  and  his  outfit.  For  the  "  jug  and  funnel  "  method,  the 
only  requirement  which  cannot  l)e  improvised  in  an  emergency 
is  a  known  quantity  of  sodium  citrate,  and  on  these  grounds  it  is 
a  methotl  which  should  be  familiar  to  every  one  who  may  be 
called  upon  to  treat  a  sudden  haniorrhagc — that  is,  to  every 
medical  man. 

In  hospital  practice  a  2|  per  cent,  solution  of  sodium  citrate 
in  normal  saline  can  be  kept  ready  in  sterile  flasks.  For 
emergency  use,  a  packet  or  compressed  tablet  containing  sodium 
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citrate  2-;"5  graniiiRs,  sotliuni  chloride  0-9  oranmics,  is  added 
to  100  c.e.  ol"  water,  and  tlie  solution  boiled  lor  ten  minutes. 
Where  a  donor  is  available,  the  citrate  solution  is  poured  into  a 
sterile  graduatetl  ilask  standiii"-  in  a  bowl  of  water  at  1 10°  F., 
which  is  then  placed  under  tiie  arm  of  the  donor.  Into  the 
citrate  solution  four  times  its  volume  of  blood  is  rim,  making  a 
streno;tli  of  0-5  per  cent,  eitrated  blood.  If  it  is  desired  to 
transfer  about  a  pint  of  blood,  the  whole  100  c.e.  is  put  into 
the  measured  flask,  and  blood  run  in  to  500  c.e.  If  a  greater 
or  smaller  amount  is  required,  more  or  less  of  tlie  citrate  solution 
is  used.  Tliis  eitrated  blood  will  remain  unchanged  if  kept  warm, 
and  can  be  transfused  into  the  recipient's  vein  at  any  time 
within  an  iioiu"  or  two  of  drawing  it  off.  This  is  done  through 
a  tube  and  funnel  connected  to  the  needle  of  a  saline  infusion 
apparatus. 

The  simplest  method  of  taking  the  blood  is  by  means  of  a 
short,  wide,  straight  needle,  the  diameter  of  a  No.  8  catheter, 
some  of  which  have  been  made  for  me  by  Down  liros.  Six 
inches  of  Carrel  size  rubber  tubing  is  slip})ed  over  the  end  of  tlie 
needle,  and  a  little  licpiid  parallin  run  through  the  lumen. 
The  needle  is  then  plunged  into  the  median  basilic  vein  of  the 
donor  wliile  his  arm  is  held  o\'er  the  measured  flask,  the  ru])ber 
tubing  serving  to  direct  the  stream  of  blood.  With  a  wide- 
bore  needle  of  this  type  the  clotting  which  occurs  is  never 
sufficient  to  stop  the  flow,  and  the  400  c.e.  of  blood  are  obtained 
in  three  to  five  minutes.  Careful  asepsis  is,  of  course,  essential. 
In  an  emergency  the  vein  may  be  cut  directly  with  a  scalpel, 
while  the  measured  flask  can  well  be  improvised  and  sterilised. 

The  (juestion  of  the  luemolytic  group  of  the  donor  presents  a 
difliculty  in  emergency  transfusion.  The  test  sera  are.  however, 
so  easily  kept,  and  their  employment  is  so  raj)id  and  simj^le, 
that  a  grouj)iMg  can  nearly  always  be  done  before  a  donor  is 
(Iccidcil  upon.  (ii\(ii  a  healthy  donor.  csixcialK'  if  it  be  a 
brother  or  sister,  the  jug  and  fuiniel  method  justilies  an  emer- 
gency transfusion  even  without  grouping.  There  is  no  call  for 
speed  in  the  citrate,  as  there  is  in  the  j)arairm-tul)e  methods. 
If  a  preliminary  grouping  of  the  donor  has  not  been  possible, 
lialf  a  pint  of  normal  saline  is  first  run  into  the  reeij)ient's 
vein  through  the  funnel,  and  the  eitrated  blood  is  tlu  ii  run  in 
at  the  rate  of  about  one  ounce  in  three  minutes.  If  there  be 
incompatibility,  symptoms  will  a{)pcar  within  ten  mimites  in 
the  shape  of  a  feeling  of  constriction  in  the  chest  and  pains  in 
the  back,  and  the  transfusion  must  be  stopped,  and  normal 
saline  or  gum  acacia  solution  substituted  for  the  remaintler  of 
the  blood. 
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The  simplicity  ol"  the  method  has  this  further  advantage, 
that  it  alimvs  the  same  ojierator  siiiolc-haiuk'd  to  withch'aw  the 
blood  and  ])nt  it  into  the  patient,  while  blood  may  be  taken  in 
any  })la('e  Avhere  the  conditions  and  liohtino"  are  suitable,  and 
transported  to  the  bed  or  stretcher  oi"  a  patient  whose  lil'e  might 
be  endanoered  l)y  any  mo\-ement. 

I  am  nuieh  indebted  to  Dr.  Herbert  French  and  to 
^Ir,  Hodgkinson,  the  Clinical  in  charge  of  tlie  case,  for 
permission  to  publish  these  notes. 


FREQUENCY   OF   ANTRAL   INFECTION 
IN   CHILDREN 

By  W.  M.  MOLLISON,  C.B.E.,  M.Ch.,  F.R.C.S.,  and  N.  E.  KENDALL 
(From  the  Ear  and  Throat  Department,  Guy's  Hospital.) 

Attention  has  been  drawn  to  the  subject  of  suppuration 
in  the  maxillary  antrum  in  children  from  time  to  time,  and 
opinion  has  been  divided  on  the  frequency  with  which  it 
occurred.  In  the  experience  of  one  of  us  (W.  M.  jNI.)  several 
cases  had  been  seen.  Sir  St.  Clair  Thomson  states  that  maxillary 
sinusitis  in  children  is  rare.  It  was  therefore  decided  to 
investigate  a  series  of  children  with  a  view  to  discovering  in 
what  percentage  it  was  present. 

The  investigation  was  carried  out  in  February  and  March 
1921 ;  the  children  chosen  were  those  attending  the  Ear  and 
Throat  Out-Patient  Department  at  Guy's  Hospital.  A  large 
proportion  of  these  are  children  belonging  to  the  L.C.C.  schools, 
who  arc  referred  for  treatment  of  various  catarrhal  affections 
of  the  upper  respiratory  tract,  for  deafness,  or  suppurative 
otitis  media.  The  bulk  of  these  children  require  removal  of 
adenoids,  or  tonsils  and  adenoids,  and  it  was  a  series  of  these 
cases  chosen  for  operation  on  whom  the  investigation  was 
carried  out. 

All  the  cases  exhibited  symptoms  of  nasal  catarrh  or 
pharyngeal  catarrh — frequent  colds,  snoring,  indistinct  speech, 
mouth-iircathrng,  sore  throats,  ear-ache,  and  deafness  from 
time  to  time,  or  otorrhcta;  but  only  in  a  small  number  were 
signs  of  pus  seen  in  the  nose.  Their  ages  were  from  two  to 
sixteen  years.  A  series  of  102  children  was  investigated.  The 
operations  were  performed  in  the  Out-Paticnt  Department. 
An  anasthetic  was  given,  and  a  large-bore,  curved  needle, 
fitted  to  a  syringe,  as  suggested  by  Watson-Williams,  was 
passed  into  each  antrum  and  throiigh  the  inferior  meatus  of 
the  nose  and  the  contents  withdrawn.  Two  or  three  needles 
were  at  hand  and  a  IVcsh  nccdh'  used  lor  IJie  second  antrum 
should  the  first  ha\c  I'onnd  \n\s  oi-  inuc()-|)us. 

The  adenoids,  or  tonsils  aiul  adenoids,  were  removed  after 
the  punctures,  and  the  bleeding  from  the  nose  was  not  found 
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to  interfere  Avith  the  operation  to  any  extent.  As  was  to  be 
expeeted,  the  anaesthesia  had  to  be  somewhat  proh)nged,  but 
in  no  ease  did  any  untoward  symptoms  result.  The  intro- 
duetion  of  the  neecUe  was  not  always  easy,  especially  in  young 
children.  It  was  facilitated,  however,  by  the  folk)wing  tech- 
nique :  the  ])oiiit  o\'  the  needle  was  directed  straight  into  the 
nostril,  then  made  to  skirt  the  outer  lower  angle  and  so  inserted 
luuler  the  inferior  turbinate;  the  point  was  then  turned 
upwards  till  it  aimed,  as  it  were,  at  the  external  canthus  of  the 
eye  and  was  then  driven  outwards  through  the  bony  wall  into 
the  antrum.  When  this  procedure  was  adopted  the  antrum 
was  always  entered  even  by  previously  inexperienced  dressers. 
The  procedure  adopted  by  Watson-Williams  is  to  syringe  some 
sterile  water  into  the  antrum  and  subsequently  to  withdraw 
it;  by  this  means  very  small  amounts  of  muco-pus  can  be 
discovered  and  bacteriological  examinations  made  of  the  fluid ; 
but  in  this  series  of  investigations  no  water  was  injected, 
aspiration  alone  was  used.  In  order  to  detect  small  amounts 
of  fluid  from  the  antra,  the  head  was  turned  to  the  side  so  that 
the  needle-point  was  at  the  most  dependent  part  of  the  antrum; 
the  piston  of  the  syringe  was  then  withdrawn.  In  most  eases 
air  only  was  drawn  into  the  syringe;  in  some  cases  a  few  drops 
of  sticky  muco-pus  were  withdrawn,  and  in  other  cases  the 
piston  could  not  be  withdrawn  or  a  drop  of  blood  appeared 
at  the  entrance  to  the  syringe.  In  these  cases  suction  was 
maintained;  the  syringe  and  needle  were  then  removed  from 
the  nose,  the  contents  of  the  needle  were  expelled  into  a  basin, 
and  thus  small  amounts  of  nuico-pus,  enough  only  to  fdl  part  of 
the  needle  itself,  could  be  readily  detected. 

On  two  occasions  the  operator  failed  to  pass  the  needle 
into  the  antrum,  apparently  because  the  bone  was  so  thick, 
or  perhaps  because  there  was  no  antrvmi  developed.  On  one 
occasion  the  point  of  the  needle  was  not  passed  far  enough 
into  the  nose,  and  on  being  turned  outwards  it  appeared  midcr 
the  soft  tissues  of  the  face;  beyond  a  bruise  for  a  few  days 
no  harm  followed. 

In  one  case  the  child  developed  a  "  black  eye  "  after  punc- 
ture, perhaps  from  damage  to  the  orbital  wall  of  the  antrum ; 
the  extravasation  had  all  disappeared  in  a  week's  time. 

Of  those  in  which  nothing  was  found  on  exploration  one 
was  unsatisfactory  at  the  next  attendance  and  was  not  seen 
again,  and  one  had  unilateral  nasal  obstruction  which  cleared 
lip  in  fotu'teen  days. 

'i'he  results  revealed  great  frccincney  of  infection  in  the 
antra;    thus  among  the  100  cases  2'2  showed  muco-pu.>  or  pus 
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in  one  or  both  antra.  Distinction  is  made  between  creamy 
pus  and  sticky  muco-pus.  The  presence  of  the  latter  secQied 
to  lead  to  no  clinical  manifestations.  After  removal  of  adenoids, 
or  tonsils  and  adenoids,  the  child  lost  all  catarrh  and  seemed 
well.  Even  in  cases  where  pus  was  found,  the  child  became 
well  after  removal  of  tonsils  and  adenoids. 

The  results  may  be  tabulated  thus— 

Muco-pus  or  pus  in  one  or  both  antra  .  .      22 

Muco-pus  in  one  or  both  antra    .  .  .  .16 

Pus  in  one  antrum     ......        4 

Pus  in  one  antrum  and  muco-pus  in  the  other       .        2 
Pus  in  both  antra       ......        2 

In  one  case  yellow  fluid  was  found  in  one  antrum. 

The  number  of  cases  investigated  was  102,  so  that  the  results 
are  percentages  to  all  intents  and  piu'poses. 

It  is  clear  from  the  results  of  these  punctures  that  of  chihh'cn 
suffering  from  catarrhal  affections  of  tlic  nose  and  throat  a 
considerable  proportion  have  infection  of  the  antra  and  possibly 
therefore  of  other  nasal  accessory  sinuses ;  the  subsequent 
history  shows  that  after  rcnioNal  of  tonsils  and  adenoids,  or 
adenoids  alone,  recovery  follows  in  the  majority  of  cases. 

It  is  very  probable  that  the  presence  of  antral  infection 
is  an  important  factor  in  producing  nasal  obstruction  in 
children;  it  is  only  in  a  very  small  percentage  of  children  that 
adenoids  produce  obstruction  solely  by  their  bulk.  In  the 
majority,  obstruction  is  due  to  the  consequent  nasal  catarrh, 
and  it  is  well  recognised  that  any  infection  of  the  antra  causes 
nasal  obstruction  by  infection  and  swelling  of  the  nasal  mucous 
membrane. 

The  discovery  of  muco-pus  on  exploration  does  not  give 
an  indication  for  opening  the  antrimi  into  the  nose,  since  it 
has  been  shown  that  tlic  patients  recover  from  symptoms  after 
removal  of  the  adenoids,  or  tonsils  and  adenoids;  indeed, 
recovery  may  follow  even  if  creamy  pus  is  found  in  the  antra 
{vide  cases  14,  37  and  ?45). 

The  cases  in  which  creamy  pus  was  foimd  emphasise  the 
importance  of  investigation  of  the  antra  in  nasal  and  naso- 
pharyngeal catarrh  in  eliildren,  especially  when  reino\al  of 
tonsils  and  adenoids  has  failed  to  effect  a  cure.  Cleminson  has 
written  about  cases  of  this  kind  in  the  Journal  of  Larijngology 
for  Dceeinbcr  H)21. 
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Conclusions. 

1.  Infection  of  the  antra  occurs  in  over  20  per  cent,  of 
children  with  naso-pharyngcal  catarrh. 

2.  Removal  of  adenoids,  or  tonsils  and  adenoids,  effects  a 
cure  in  most  cases. 

3.  Antral  suppuration  must  be  excluded  as  a  possible  cause 
of  nasal  catarrh  in  children,  especially  in  those  whose  tonsils 
and  adenoids  have  been  removed. 

4.  Puncture  of- the  antra  is  not  followed  by  any  ill-effects. 


Result  op  Cases  in  which  Pus  or  Muco-Pus  was  Found 


Condition  of  antrum. 

No.  in 

Sex. 

Age. 

Other  operation 
performed. 

Result. 

series 

Eight. 

Left. 

1 

F. 

10 

Nil. 

Muco-pus. 

Ant.     end     of     B. 
middle     turbinal 
removed    on    ac- 
count of  enlarged 
cell. 

Well. 

7 

F. 

12 

Little  nmco-pus 

Nil. 

EeiiKival  (if  tonsils 
and  adciHiids. 

Well. 

14 

F. 

10 

Much  pus. 

Muco-pus. 

Removalof  adenoids. 

Well. 

18 

M. 

5 

Muco-pus. 

Nil. 

Tonsils    and    ade- 
noids. 

Did  not  attend. 

22 

M. 

6 

Slight  muco-pus. 

Nil. 

Tonsils    and    ade- 
noids. 

Seven  months  later 
l)us  in  L.  side  of 
nose. 

26 

M. 

12 

Pus. 

Nil. 

Tonsils    and    ade- 
noids. 

Did  not  attend. 

28 

M. 

13 

Slight  muco-pus. 

Nil. 

None. 

Attended  twice,  was 
improving :     not 
well. 

30 

M. 

6i 

Yellow  jelly-like 
muco-pus. 

Muco-pus. 

Tonsils    and     ade- 
noids. 

Well  in  one  month. 

37 

M. 

12 

Considerable  pus. 

Nil. 

Adenoids. 

Well. 

45 

M. 

12 

Nil. 

Pus. 

Tonsils    and     ade- 
noids. 

Probably  well. 

46  ' 

M. 

H 

Muco-pus. 

Slight  muco-pus. 

Adenoids. 

Well    in    fourteen 

<lays. 
Well. 

47 

F. 

3 

Slight  muco-pus. 

Nil. 

Adenoids. 

55 

M. 

4 

Slight  muco-pus. 

Nil. 

Adenoids. 

Well. 

59 

M. 

9 

Pus. 

Nil. 

ToTisils    and     ade- 
noids. 

Well. 

61 

F. 

14 

Nil. 

Two    c.c.    clear 
yellow  fluid. 

Tonsils     and     ade- 
iioiils. 

Well. 

62 

F. 

14 

Pus. 

Pus. 

Intranasal  opening 
of  K.  antrum. 

Not  well. 

66 

M. 

7 

Nil. 

Muco-pus. 

Tonsils    and     ade- 
noids. 

Well. 

70 

F. 

10 

Muco-pus. 

Nil. 

Tonsils    and     ade- 
noids. 

Did  not  attend. 

72 

F. 

5 

Muco-pus. 

Slight  i)us. 

Tonsils    and     ade- 

Well. 

91 

M. 

8 

Muco-pus. 

Muco-pus. 

noi<ls. 
Adenoids. 

Did  not  attend. 

100 

M. 

4i 

Slight  muco-pus. 

Muco-pus. 

Tonsils    and     ade- 
noids. 

Did  not  attend. 

102 

M. 

8 

Muco-pus. 

Muco-pus. 

Adenoids. 

Well. 

Summary. 

Well 14 

Did  not  attend  again         .  .        5 

Not  well,  4  (of  whom  1  was  operated  on  for  antral 
suppuration  by  the  intranasal  route). 


SEPTICAEMIA   IN   OTITIS    MEDIA   AND    ITS 
COMPLICATIONS 

By   C.    GILL-CAREY.      (From  the  Ear  and  Throat  Department, 
Guy's  Hospital.) 

The  interest  in  the  results  of  blood  cultures  in  suppurative 
otitis  media  and  its  complications  has  arisen  chiefly  in  con- 
nection with  septic  thrombosis  of  the  lateral  sinus.  A  high 
percentage  of  these  cases  yields  a  positive  blood  culture,  and 
it  was  considered  by  some  otologists  that  the  mere  presence  of 
bacterisemia  in  a  case  of  suppurative  otitis  was  evidence  of 
septic  thrombosis. 

In  1909  Duel  and  Wriglit  published  the  results  of  blood 
cultures  in  fifty-five  cases  of  suppurative  otitis  in  the  Manhattan 
Eye  and  Ear  Hospital.  Positive  results  were  oljtaincd  in 
fourteen  cases ;  of  these  four  had  septic  lateral  sinus  throm- 
bosis and  one  had  suppurative  labyrinthitis  and  meningitis, 
while  eight  were  cases  of  uncomplicated  mastoiditis  and  one 
was  a  case  of  acute  suppurative  otitis  media  without  complica- 
tions. In  many  of  these  last  nine  cases  there  was  no  clinical 
evidence  of  a  blood  infection. 

In  a  paper  read  before  the  Otological  Section  of  the  Royal 
Society  of  Medicine  in  1918,  Lake  reported  three  cases  of  acute 
mastoiditis  Avith  severe  constitutional  disturbance  in  which 
bacteriicmia  was  demonstrated. 

In  twelve  of  the  cases  cited  by  Duel  and  Wright  the  infecting 
organism  was  a  streptococcus,  and  in  two  a  })neumoc{)ccus.  In 
Lake's  cases  streptococci  were  foimd  in  all  three. 

Of  the  cases  reported  below,  Nos.  I.  and  II.  illustrate  the 
severe  type  of  general  infection,  which  may  follow  uncomplicated 
acute  suppurative  otitis  media.  In  the  second  case  no  positive 
blood  culture  was  obtained  in  spite  of  the  clinical  signs  present. 
Case  III.  is  one  of  unrecognised  lateral  simis  thrombosis. 

Case  J. — Acutr  Otitis  Media  xvith  Hactcria'mia 

Ktlu'l  P.  was  admitted  on  September  20,  1921,  with  a  history 
that  a   I'ortnight  ago  she   had   severe  sore  tin-oat,   which  was 
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rdllowcd  in  tv,o  days  by  ear-ache  on  tlie  right  side.  Althongh 
complaining  of  car-ache  occasionally,  she  was  able  to  attend 
school  until  September  16,  when  she  complained  of  severe  pain 
in  the  ear  and  was  thought  by  her  mother  to  be  feverish.  She 
was  then  kept  in  bed  and  attended  by  her  doctor,  who  ordered 
drops  for  the  ear.  Iler  general  condition  became  worse,  and 
(HI  the  morning  of  the  20th  she  luid  a  rigor  and  was  sent  to 
hospital  by  the  doctor  with  a  proxisional  diagnosis  of  lateral 
sinus  thrombosis. 

On  admission  her  temperature  was  103-2°.  She  was  irrit- 
able, and  resented  examination,  but  was  quite  clear  mentally. 
She  complained  of  pain  in  the  right  ear  and  headache. 

Hoth  tonsils  were  found  to  be  large  and  inflamed,  with 
tlebris  in  the  crypts.     The  naso-pharynx  was  not  examined. 

The  right  membrane  was  dull  red  and  moderately  bulging. 
There  was  no  swelling  of  the  meatus  and  no  mastoid  tenderness. 
The  left  ear  was  normal. 

There  was  very  slight  tenderness  ovc^r  the  upper  part  of  the 
right  sterno-mastoid  nuisclc,  but  movement  of  the  neck  was  free 
and  painless.     There  were  signs  of  bronchitis. 

There  was  no  abnormality  in  the  nervous  system;  the  discs 
were  examined  and  found  normal. 

Myringotomy  was  performed  and  clear  fluid  was  obtained. 
Twenty  c.c.  of  anti-pneumococcal  scrum  were  given  sid)cutane- 
ously.  No  change  occurred  as  a  result  of  these  measures.  The 
temperature  varied  from  99'  in  the  morning  to  10i°  or  over 
in  the  evening.  There  was  a  profuse  purulent  otorrluca, 
gradually  lessening  in  amount  after  three  or  four  days.  No 
signs  of  mastoid  involvement  appeared,  but  on  September  28 
it  was  decided  to  explore. 

On  opening  the  mastoid  a  little  muco-pus  was  found  in  the 
antrum,  but  no  disease  in  the  mastoid  air-cells,  and  the  dura 
of  the  middle  and  posterior  fossft  was  healthy.  The  wound 
was  closed  by  primar}^  suture  after  smearing  with  H.I. P.  paste. 

The  evening  temperature  on  the  day  following  operation 
was  104-3°.  A  blood  culture  taken  then  yielded  a  free  growth 
of  streptococcus  longus,  and  the  same  organism  was  grown  from 
an  antral  swab  taken  at  the  operation. 

Having  lirst  desensitised  the  patient,  anti-streptococcal 
serum  was  given  for  six  days,  20  c.c.  being  injected  daily.  In 
spite  of  using  polyvalent  sera  of  different  brands  no  good  effect 
was  seen ;  the  ear  discharge  rapidly  ceased,  but  the  temperature 
remained  high  and  the  child's  condition  appeared  desperate. 

About  October  1  she  coiuplaincd  of  pain  in  the  right  arm 
over  the  lower  part  of  the  triceps,  where  it  was  said  she  had 
had  an  injection  of  morphia  on  the  day  of  admission.  A 
radiograph  of  this  region  showed  a  shadow  in  the  muscle  and 
an  area  of  periostitis  underlying  it.  An  operation  was  performed 
and  an  abscess  was  found  in  the  triceps.  There  was  a  small  area 
of  periostitis  in  continuity,  but  no  infection  of  the  bone. 

Streptococci  were  grown  from  a  swab  taken  at  the  operation. 
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An  initial  dose  of  liali'  a  million  streptococci  was  given  at  this 
time  from  an  autogenous  vaccine  prepared  from  the  blood 
culture. 

Two  days  after  the  last  operation  the  temperature  began  to 
show  signs  of  settling  down,  and  by  tlie  middle  of  October  it 
remained  steadily  at  normal. 

On  November  13  the  jiaticut  was  discharged;  tlie  right 
membrana  tympani  was  normal  and  hearing  was  perfect.  A 
few  adenoids  were  seen  and  the  tonsils  appeared  sliglitly  infected. 
It  was  arranged  to  remo\e  the  tonsils  and  adenoids  after 
convalescence. 

Case  II. — Acute  Otitis  Media  with  Sej)tica2mic  Symptoms 

Mary  F.,  aged  7  years,  was  noticed  to  be  very  sleepy  on 
August  21,  and  on  the  23rd  fell  asleep  while  at  school.  She 
was  then  kept  at  home,  and  remained  in  the  same  sleepy  con- 
dition until  her  admission.  She  would  answer  questions,  but 
immediately  became  sleepy  if  left  alone.  On  Scptend)er  11  it 
was  noticed  that  her  left  ear  was  discharging.  A  letter  from 
her  doctor  stated  that  throughout  the  illness  her  temperature 
had  varied  between  100°  and  103° ;  beyond  some  signs  of  infec- 
tion at  the  left  apex  and  a  trace  of  albumen  in  the  urine  he 
found  nothing  to  account  for  her  condition. 

On  admission  the  child  answered  questions  rationally  and 
was  able  to  sit  up.  Examination  showed  moist  sounds  at  the 
left  apex,  and  early  optic  neuritis,  but  no  other  abnormality 
of  the  nervous  system.  There  was  pus  in  the  left  meatus  and 
the  introduction  of  a  speculum  was  painful.  The  drum  was 
red.  Lumbar  puncture  on  the  ICth  gave  normal  fluid.  An 
x-ray  examination  of  tlic  chest  was  negative.  Examination  of 
the  blood  gave  a  count  of  3,392,000  red  cells  per  cul).  mm. ; 
the  haemoglobin  percentage  was  50. 

There  was  no  change  in  the  patient's  condition  by  the  end 
of  September;  the  temperature  had  remained  high,  and  she  was 
still  sleepy.  Further  investigation  liad  thrown  no  more  light 
on  the  subject.     A  Widal  reaction  had  been  negative. 

On  September  28  a  meatal  boil  was  opened  on  the  left  side 
and  a  second  lumbar  puncture  was  done;  the  fluid  obtained 
was  normal. 

The  eyes  were  examined  again  on  the  29th,  when  there  was 
less  neuritis;  no  papilla;dema,  lurmorrhage,  or  tubercles  were 
seen. 

Dr.  French  at  this  time  considered  that  the  child's  symptoms 
were  due  either  to  a  source  of  infection  in  the  ear,  or  to 
encephalitis  lethargica  or  to  some  undiscovered  general  infection, 
such  as  typhoid  fever. 

Mr.  Mollison,  who  saw  the  patient  in  consultation  on 
October  1,  considered  that  the  mastoid  should  be  opened  in 
view  of  the  eontimied  snppiiration  in  the  middle  ear.  On  the 
3rd   he   explored   the   mastoid,    but   beyond   some   pus   in  the 
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antnnn  nothing  was  found.  The  lateral  sinus  and  the  dura 
exposed  in  the  middle  and  posterior  fossae  were  healthy. 

A  lumbar  puncture  was  again  done;  the  Wassermann 
reaetion  was  negative  and  no  micro-organisms  were  grown  from 
the  fluid. 

A  blood  cultm-e  on  the  18th  was  negative. 

No  fall  in  temperature  occurred  until  the  25th,  when  the 
child  began  to  improve. 

Case  III.— Lateral  Sinus  Thrombosis  with  Septiccemia 

Mercia  H.,  aged  12  years,  was  admitted  on  November  1,  1921, 
Ten  days  before  admission  she  had  complained  of  ear-ache 
on  the  right  side ;  the  pain  was  not  severe  and  she  had  attended 
school  up  to  the  week  before  admission.  In  this  week  she  had 
become  increasingly  drowsy  and  had  continuous  headaches  and 
pains  in  the  limbs.  She  had  been  delirious  for  the  last  two 
nights.     No  discharge  from  the  ear  had  been  noticed. 

On  admission  the  temperature  was  103-2°;  the  child  was  in 
a  typical  "'  typhoid  state."  She  was  drowsy  and  answered 
questions  badly. 

The  tonsils  were  enlarged  but  not  inflamed.  There  was  a 
mass  of  adenoids.  The  right  nicml^rana  tympani  was  red  and 
bulging.  There  was  no  mastoid  tenderness  and  no  pain  in  the 
neck.  The  discs  were  normal.  Moist  sounds  were  heard  in 
both  lungs. 

Myringotomy  on  November  1  gave  a  small  amount  of  turbid 
fluid,  from  which  a  ha^molytic  streptococcus  was  grown,  lilood 
taken  on  N()\"end)cr  2  with  the  temperature  at  lO^"  grew  the 
same  organism  on  cultivation.  Lumbar  puncture  gave  normal 
fluid.  The  right  ear  discharged  freely  for  a  few  days ;  the 
discharge  then  began  gradually  to  lessen;  by  the  middle  of  the 
month  the  ear  was  nearly  dry  and  the  drum  no  longer  red. 

On  November  6  artln-itis  of  the  right  wrist  and  left  ankle 
appeared.  Aspiration  of  the  ankle  yielded  pus,  from  which  a 
streptococcus  was  grown.  On  the  7th  the  patient  had  a  rigor 
and  another  on  the  10th.  Anti-streptococcal  serum  was  given 
intravenously,  30  c.c.  daily,  without  effect. 

The  initial  bronchitis  became  gradually  worse,  and  areas  of 
consolidation  appeared  at  the  bases.  No  mastoid  tenderness 
was  elicited  at  any  time,  but  tiie  patient  was  so  drowsy  at  most 
times  that  moderate  i)ain  did  not  rouse  her. 

She  died  on  November  20,  after  a  terminal  exacerbation  of 
her  respiratory  symptoms. 

Post-mortem  examination  showed  pus  in  the  mastoid  air- 
cells  and  a  large  sejjtic  throndnis  in  the  lateral  sinus.  There 
was  early  pericarditis  and  extensive  broncho-pneumonia. 

CON'CLUSIONS    AS    TO    TREATMENT 

In  the  first  case  serum  therapy  was  quite  unsuccessful.  The 
rapid  improvement  noticed  after  the  evacuation  of  a  metastatic 
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abscess  might  point  to  the  advisabihty  ol'  producing  a  fixation 
abscess  in  similar  resistant  blood  infections. 

Lake  limited  the  term  "aural  bacteriacmia  "  by  including 
only  those  cases  of  mastoiditis  and  suppurative  otitis  which 
had  no  intra-cranial  complications.  This  classification,  how- 
ever, does  not  aid  in  the  problem  ol'  deciding  on  a  line  of 
treatment,  as  it  would  seem  advisable  in  all  cases  of  suppurative 
otitis  presenting  constitutional  disturbance  and  bacteria;mia  to 
explore  the  mastoid  and  lateral  sinus. 


PAROXYSMAL   TACHYCARDIA 

By  G.  H.  HUNT,  M.D.,  Physician  to  Guy's  Hospital. 

Ox  looking  tliroiigli  tlic  index  of  the  medical  reports  at 
Guy's  Hospital  for  the  years  1900-1915  I  only  find  the  oecur- 
rence  of  paroxysmal  tachycardia  noted  iWc  times,  and  it  might 
be  supposed  from  this  that  the  condition  was  a  comparatively 
rare  one.  Diu'ing  the  three  years  following  tlie  war  I  have 
seen  myself  eight  eases  in  hospital  practice,  and  additional  ones 
have  been  recorded  in  patients  under  the  care  of  other  physicians 
at  Guy's.  It  is  unlikely  that  the  disease  has  become  so  much  more 
common  recently,  and  the  apparent  difference  in  its  incidence 
is  almost  certainly  due  to  the  fact  that  it  is  more  frequently 
recognised  now  than  formerly.  Accurate  diagnosis  is  always 
desirable,  but  this  is  particularly  the  case  in  a  disease  like 
paroxysmal  tachycardia,  where  much  can  be  done  to  alleviate 
the  symptoms  when  once  their  significance  is  recognised. 

Defixitiox  of  Paroxysmal  Tachycardia 

Lewis  1  defines  paroxysmal  tachycardia  as  "  an  affection 
in  whk'li  from  time  to  time  and  for  variable  periods  the  natural 
heart  riiythm  becomes  submerged,  and  the  heart  responds  to 
impulses  formed  at  a  more  rapid  rate  in  some  other  portion  of 
its  walls."  This  definition  accm'ately  describes  the  pathological 
mechanism  of  the  disease,  although  it  does  not  sj)ecifically  state 
its  clinical  characteristics. 

As  the  purpose  of  this  })a])er  is  to  give  an  accoimt  of  its 
clinical  i'eatures,  a  clinical  description  is  necessary  at  the  outset. 
In  paroxismal  tachycardia  tlie  lieart  rate  changes  abruptly 
to  a  more  rapid  rate;  it  contimics  locating  at  this  rapid  rate  for 
a  variable  period,  and  then  quite  al)ruptly  the  rate  becomes 
slower.  These  attacks  of  rapid  lieart  rate  occur  at  very  varying 
intervals;  sometimes  several  occur  iji  one  day,  sometimes  the 
intervals  between  them  may  be  several  months.  The  most 
characteristic  feature  of  the  attack  is  the  suddenness  of  its  onset 
and  its  termination ;  in  physi(^logical  tachycardia,  such  as 
occurs  in  a  man  taking  a  minute's  vigorous  exercise,  the  pulse 
rate  rises  gradually ;  it  starts,  let  us  say,  at  74,  rises  to  9C  at  the 
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end  ol"  fifteen  seconds,  to  120  at  the  end  ol"  tliirty  seeonds,  to 
140  at  the  end  of  a  minute;  if  tlie  man  now  rests  tlie  pulse  rate 
slowly  falls,  reaching  122  at  the  end  of  fifteen  seconds,  112  at 


IkOr 


Rest 


Fig.  1. 


The  ordinate  gives  the  pulse  i-ate  per  minute ;  the  abscissa  the  time  in  minutes. 
The  figure  shows  the  gradual  rise  of  jiulse  rate  during  exercise,  and  the  gradual 
fall  after  exercise. 

the  end  of  thirty  seconds,  and  finally  reaching  its  original  rate 
at  the  end  of  two  minutes'  rest.  These  alterations  in  pulse 
rates,  taken  from  an  actual  observation,  are  represented  dia- 
grammatically  in  Fig.  1.     In  Graves'  disease  again  the  change 


a  »  auricular  vi 

Ac=  carotid   wa 
Jugular 


Premature  contractions  from.  X- 


Fig.  2. 

Radial  and  venous  pulse  tracings  showing  three  normal  beats  (X-N)  followed 
by  a  short  paroxysm  of  ten  beats  of  a  much  faster  rate  (X-X),  followed  by  three 
normal  beats  (Xl-Xl).  The  beats  of  the  paroxysm  are  of  such  small  volume 
that  they  only  just  appear  on  the  radial  tracing  in  its  later  part,  and  do  not 
appear  at  all  in  its  earlier  part ;  their  position  in  the  earlier  part  can  be  calcu- 
lated from  the  venous  pulse  tracing.  The  ventricular  rate  changes  abruptly 
from  90  (X-X)  to  160  (X-X),  and  falls  again  abruptly  to  90  (Xl-Xl).  Electro- 
cardiograms confirmed  this  interpretation  of  the  venous  pulse  tracing.  Owing 
to  the  small  volume  of  blood  icaching  the  brain  during  the  paroxysm  the  patient 
experienced  sensations  of  faiiitness  and  giddmess. 

of  pulse  rate  is  gradual ;  if  the  patient  is  getting  worse,  we  see 
the  pulse  rising  from  day  to  day,  and  as  the  patient  improves 
there  is  a  gradual   fall.      Fig.  2    shows    the  abruptness    of   the 
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fhango  o\^  rale  in  paroxysmal  tachycardia;  the  rate  changes 
quite  suddenly  iVi)ni  90  to  IGO  per  minute ;  almost  instantaneously 
a  new  and  nuieh  more  rapid  rate  begins,  which  after  persisting 
I'or  about  three  seconds,  returns  equally  quickly  to  the  original 
slow  rate.  Fig.  3  shows  the  changes  diagrammatically,  and  the 
sharp  rise  of  the  pulse  rate,  the  plateau  during  th(>  })eriod  of 
tachycardia,  and  the  abrupt  I'all,  are  in  sharp  contrast  to  the 
gradual  rise,  the  sharp  peak,  and  the  slow  fall  in  Fig.  1. 

Clinical  Features  of  the  Attack 

The  pulse  rate  during  the  attack  is  always  raised ;  I  have  seen 
it  over  230 — the  exact  rate  was  impossible  to  count  with  the 
stethoscope — in  a  case  that  proved  fatal,  but  the  average  rate 
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The  ordinate  gives  the  pulse  rate  per  minute;  the  abscissa  the  time  in  fifths 
of  seconds.  The  figure  shows  the  abrupt  change  from  a  normal  rate  to  a  more 
rapid  rate,  the  persistence  of  the  rapid  rate,  and  the  abiupt  return  to  the  normal 
rate. 

is  IGO-  200.  Occasionally  it  is  under  100,  and  I  have  recorded 
one  case,2  where  an  electrocardiogram  showed  that  the  condition 
was  a  true  paroxysmal  tachycardia,  where  the  pulse  rate  was 
only  150  during  the  attack. 

The  duration  of  the  attacks  is  very  variable.  In  the  case 
of  the  patient,  whose  pulse  is  shown  in  Fig.  2,  the  tachycardia 
only  lasted  a  few  seconds,  but  in  most  cases  it  continues  for  a 
few  hours;  exceptionally  it  may  persist  for  several  days,  and 
I  know  of  a  case  where  it  lasted  nearly  two  weeks. 

The  symptoms  also  vary  very  much.  Occasionally  the 
patient  is  quite  unconscious  of  any  alteration  in  the  action  of  his 
iieart,  but  as  a  rule  he  complains  of  some  cardiac  discomfort, 
which  he  often  describes  as  palpitation,  and  this  may  be  associ- 
ated with  slight  pain,  breathlessncss,  or  flatulence.   In  other  cases 
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the  symptoms  are  much  more  serious,  and  an  explanation  of 
this  is  found  by  a  study  of  Fig.  2.  It  will  be  noticed  that  during 
the  period  of  tachycardia  the  volume  of  the  pulse  is  considerably 
diminished ;  with  this  diminution  of  volume  there  is  a  fall  of 
blood  pressure.  This  drop  of  pulse  volume  and  blood  pressure, 
if  continued  long  enough,  causes  a  gradual  failure  of  the  circula- 
tion. Pallor  of  the  face  occurs,  and  this  may  be  followed  by 
cyanosis  and  engorgement  of  the  veins  of  the  neck;  oedema 
appears  in  the  extremities,  the  liver  enlarges,  the  lungs  become 
engorged  and  ocdematous,  and  cough  becomes  urgent  Avith 
copious  expectoration,  which  is  sometimes  blood-stained.  The 
breathing  grows  more  and  more  distressed,  and  in  short  the 
picture  becomes  one  of  acute  cardiac  failure,  which  sometimes, 
if  the  attack  continues,  may  terminate  fatally. 

The  Diagnosis  of  Paroxysmal  Tachycardia 

Paroxysmal  tachycardia  should  always  be  suspected  in  a 
patient  with  a  regular  pulse  rate  of  IGO  or  over,  unless  there  is 
an  obvious  cause,  such  as  an  acute  infection  or  Graves'  disease, 
to  account  for  it.  Apart  from  paroxysmal  tachycardia  it  is 
very  rare  to  find  a  pulse  rate  of  over  160  in  cardiac  failure, 
except  in  cases  of  auricular  fibrillation,  in  which  case  the  pulse 
is  irregular  in  rhythm,  volume,  and  tension.  There  is  one  very 
characteristic  feature  distinguishing  paroxysmal  tachycardia 
from  tachycardia  of  some  other  origin.  In  the  former  the  pulse 
rate  is  not  altered  by  change  of  posture;  if  we  find  the  })ulsc 
rate  180  when  the  patient  is  standing,  and  the  same  rate  when 
he  is  lying  down,  we  can  be  certain  of  the  diagnosis.  Even  in 
the  more  severe  attacks,  where  the  condition  of  the  patient 
precludes  his  standing,  this  test  can  usually  be  applied  by  moving 
him  from  the  recumbent  to  the  sitting  position.  Another 
very  suggestive  feature  is  the  constancy  of  the  pulse  rate  through- 
out the  attack ;  this  serves  to  distinguish  paroxysmal  tachycardia 
from  tachycardia  of  nervous  origin;  in  emotional  tachycardia 
the  pulse  varies  every  few  minutes,  and  alterations  of  ten  beats 
or  so  per  minute,  together  with  other  evidence  of  neurosis,  make 
the  distinction  from  paroxysmal  tachycardia  eas\\  Occasionally 
we  are  fortunate  enough  to  see  the  beginning  or  the  end  of  an 
attack.  This  was  the  case  in  a  patient  on  whose  chest  a  hot 
fomentation  had  been  put  to  relieve  precordial  j)ain;  two 
minutes  after  its  application  the  pulse  dropped  abruptly  I'rom 
160  to  80.  This  sudden  change  of  rate  made  the  diagnosis 
of  paroxysmal  tachycardia  certain,  and  I  subsequently  took 
electrocardiograms  which  were  typical  of  the  condition. 

If  the  patient  is  seen  during  an  attack,  the  diagnosis  can 
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(jenerally  be  lunde,  il'  attention  is  })aid  to  the  i)()ints  mentioned 
above.  It  is  very  niiieli  more  dillicult  to  arrive  at  a  diagnosis  if 
the  patient  is  only  seen  during  the  intervals  between  the  attacks. 
A  liistory  of  attacks  of  ])alpitation  or  "  fluttering  "  in  the  chest 
(patients  often  use  the  Mord  "  iluttering  "  to  describe  the  sensation 
experienced  during  an  attack),  coming  on  suddenly  and  termin- 
ating suddenly,  is  suggestive;  a  sudden  termination  particularly 
is  an  important  point,  for  although  the  palpitation  that  arises 
from  indigestion  or  other  cause  may  start  suddenly,  the  patient 
usually  tells  us  tliat  relief  comes  gradually.  In  many  sul)jects 
of  paroxysmal  tachycardia  extra  systoles  arc  present  in  the 
intervals  between  the  attacks,  and  if  these  are  shown  to  be 
auricular  in  origin  by  electrocardiographic  or  polygraphic 
examination,  their  presence  is  in  favour  of  paroxysmal  tachy- 
cardia, although  it  does  not  make  the  diagnosis  certain.  As  a 
rule,  however,  only  the  observation  of  an  actual  attack  will 
settle  the  matter. 

^Etiology 

Paroxysmal  tachycardia  may  occur  at  any  age.  Cases  have 
been  recorded  in  children  and  in  patients  over  seventy,  but  it  is 
commoner  in  the  middle  period  of  life  than  at  the  extremes. 
My  youngest  patient  was  twenty,  my  oldest  sixty-two;  twelve 
patients  were  between  twenty  and  forty,  seven  between  forty 
and  sixty,  and  one  over  sixty.  The  condition  is  commoner  in 
men  than  in  women ;  twelve  of  my  patients  were  men  and  eight 
women.  In  Lewis'  ^  series  men  were  twice  as  numerous  as 
women. 

Paroxysmal  tachycardia  is  usually  found  in  association  with 
some  form  of  organic  heart  disease;  five  of  my  patients  had 
mitral  stenosis,  six  had  myocardial  degeneration,  and  two  had 
myocarditis  following  influenza.  It  is  not  infrequent,  however, 
to  find  no  evidence  of  organic  disease,  and  in  seven  of  my  patients 
the  heart,  when  examined  in  the  intervals  between  the  attacks, 
ajipeared  perfectly  normal;  in  six  of  these  cases  there  was  a 
diminished  exercise  tolerance,  but  in  one  the  patient  was  able 
to  do  anything  he  liked  except  when  suffering  from  an  attack. 

The  commonest  immediate  cause  of  an  attack  is  some 
emotion ;  the  excitement  of  a  medical  examination  may  promote 
one,  and  I  have  two  patients,  in  whom  simply  feeling  the  pulse 
is  suflicient  to  cause  the  heart  to  change  its  rhythm.  I  know  one 
unfortunate  man,  with  a  keen  sense  of  humour,  who  gets  an 
attack  whenever  he  hears  what  appeals  to  him  as  a  really  funny 
story;  his  immoderate  laughter  is  only  cut  short  by  the  dis- 
comfort he  experiences  when  his  pulse  rate  suddenly  jumps  to 
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180.  Exercise  may  bring  on  an  attack,  and  some  patients  ascribe 
the  onset  oi'  tlie  disease  to  some  unwonted  exertion.  Sometimes 
a  meal  will  be  soon  followed  by  an  attack,  and  it  is  in  these  cases 
that  it  is  so  difficult  from  the  iiistory  alone  to  judge  whether  the 
patient  is  suffering  from  true  paroxysmal  tachycardia  or  from 
palpitation  due  to  flatulence. 

Treatment 

There  is  no  infallil)le  method  of  stopping  an  actual  attack,  but 
many  different  means  may  be  tried,  and  frequently  one  of  tiiem 
is  successful,  although  it  is  impossible  to  say  which  is  likely  to 
be  the  most  efficacious  in  any  particular  case.  The  following 
methods  sliould  ])e  tried. 

(1)  Abdominal  compression  icitJi  a  tight  binder.  —Some  patients 
have  already  found  out  for  tlicmselves  the  value  of  abdominal 
pressure,  and  can  stop  attacks  themselves  l)y  leaning  forward 
with  the  arms  pressed  firmly  into  the  abdomen. 

(2)  Local  applications  to  the  precordium. — I  have  on  four 
occasions  seen  attacks  stop  directly  after  a  very  hot  fomentation 
has  been  applied  to  the  chest,  and  even  if  this  does  not  stop  the 
attack,  it  greatly  relieves  the  pain  and  discomfort.  Lewis 
recommends  the  application  of  an  icebag. 

(3)  Drug  treatment. — Drugs  likely  to  promote  the  eructation 
of  flatus  should  ahvays  be  tried,  as  this  may  stop  an  attack. 
Vomiting  may  have  the  same  effect,  and  a  case  is  recorded  of  a 
patient  who  always  carried  some  ipecacuanha  with  him  for  use 
if  an  attack  started.  In  view,  how^evcr,  of  the  possibility  of 
sudden  death  during  an  attack,  the  induction  of  vomiting  with 
its  consequent  effect  on  tiic  circulation  is  not  without  danger. 
I  have  seen  attacks  terminate  soon  after  an  injection  of  strophan- 
thin,  and  the  same  result  has  been  found  to  follow  the  injection 
of  digalcn;  morphia  is  much  more  effective  than  either,  and  I 
have  been  more  successful  with  this  than  with  au}^  other  of  the 
methods  of  treatment  advocated;  it  often  stops  the  attack  and, 
even  if  it  does  not,  it  enormously  increases  the  patient's  comfort. 
It  is,  moreover,  a  perfectly  safe  drug,  except  in  cases  where  there 
is  engorgement  of  the  lungs.  Other  sedatives,  such  as  chloral 
and  bromide,  have  been  used,  but  morphia  on  account  of  it.s 
more  rapid  action  is  preferable. 

(4-)  Pressure  on  the  vagus. — Stimulation  of  the  vagus  by  firm 
pressure  over  the  carotid  sheatii  at  the  level  of  the  thyroid 
will  sometimes  stop  an  attack.  I  liave  freciuciit ly  tried  this 
method,  but  have  only  been  successful  in  one  ease;  in  this 
patient,  a  man  suffering  from  effort  syndrome,  pressure  for  less 
than  a  couple  of  minutes  was  always  cffecti^•c. 
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In  many  cases,  liowcvcr,  all  means  fail  to  inlluenee  the 
tachycardia,  and  in  these  all  Ave  can  do  is  to  get  the  patient 
into  Avhatever  position  is  most  comfortable — most  patients 
prefer  to  lie  in  bed,  propped  up  Avith  pilloAvs — keep  him  quiet,  if 
necessary  witli  sedatives,  and  wait  for  the  attack  to  terminate 
spontaneously.  Althouoh  this  is  discouraging,  I  think  that  most 
writers  are  miduly  pessimistic  about  our  power  to  control 
attacks;  when  the  same  method  is  repeatedly  successful  in  the 
same  patient,  we  are  surely  wrong  in  ascribing  it  to  mere  coinci- 
dence, and  a  trial  of  the  various  means  of  treatment  I  have 
outlined  is  frequently  el'leetive.  Should  signs  of  cardiac  failure, 
such  as  cyanosis  and  m'gent  dyspncca,  supervene  during  an 
attack,  the  best  methods  of  treatment  are  venesection  (10-15 
ozs.)  and  the  administration  of  oxygen  ;  oxygen  should  be  given 
through  a  mask,  fitting  closely  OAcr  the  face,  or  through  a  nasal 
catheter,  to  prevent  too  nuich  mixing  of  the  gas  with  air;  it 
is  necessary  to  give  a  much  greater  concentration  of  oxygen  than 
is  possible  Avith  the  ordinary  method  of  giving  it  through  a 
funnel. 

In  the  prevention  of  the  attacks  the  first  essential  is  to  remove 
the  cause;  dyspepsia  must  be  treated,  excitement  avoided  as 
far  as  possible,  and  in  cases  where  exertion  brings  on  attacks, 
the  patient's  activities  must  be  curtailed.  A  long  course  of 
digitalis  in  full  doses  may  diminish  their  frequency,  but  the  best 
results  I  have  had  have  followed  the  administration  of  bromide. 

During  the  war  I  saw  the  termination  of  a  typical  attack  in  a 
French  civilian,  the  pulse  rate  dropping  abruptly  from  200  to 
90 ;  his  attacks  had  started  two  years  previously,  and  occurred 
on  an  average  four  times  a  week.  Fifteen  grains  of  potassiinn 
bromide  three  times  a  day  kept  him  conqjlctely  free  from  attacks 
lor  two  months ;  he  then  stopped  the  bromide,  and  the  attacks 
returned,  but  ceased  again  on  resuming  the  bromide.  He  was 
able  gradually  to  reduce  the  dose,  and  when  I  last  heard  of  him 
only  required  five  grains  twice  daily. 

Another  example  of  tlie  value  of  bromide  was  afforded  by  the 
case  of  a  pregnant  woman,  who  was  admitted  into  Guy's  about 
a  week  before  term.  She  had  had  influenza  a  few  weeks  before, 
and  this  had  been  followed  by  slight  cardiac  dilatation  and  attacks 
of  palpitation  ;  her  description  of  these  attacks  was  very  sugges- 
tive of  paroxysmal  tachycardia,  and  soon  after  admission  to 
hospital  she  had  one  which  was  quite  ty])ical.  These  attacks 
were  ccjm})Ietely  sto])ped  by  bromides,  labour  was  normal,  and 
the  attacks  did  not  return  during  the  following  six  weeks,  while 
she  was  under  observation.     IJromides,  however,  do  not  always 
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have  such  gootl  results,  and  in  the  ease  of  a  nurse  the  attacks 
persisted  in  spite  of  full  doses,  although  their  duration  antl 
frequency  was  diminished. 

Prognosis 

Some  idea  as  to  prognosis  has  already  been  given  in  consider- 
ing the  question  of  treatment.  In  some  cases  this  abolishes  the 
attacks,  in  some  they  cease  spontaneously  after  a  few  months  or 
years,  but  in  others  they  persist  indefmitely.  In  eases  where  the 
attacks  are  unassociated  with  evidence  of  organic  heart  disease 
the  danger  to  life  is  small,  but  tlicy  always  cause  some  disability  ; 
the  patient  is  usually  completely  incapacitated  during  an  attack, 
and  in  the  intervals,  as  has  already  been  pointed  out,  his  exercise 
tolerance  is  diminished.  Of  my  seven  patients,  who  were 
included  in  this  group,  five  were  capable  of  light  work,  one  had 
no  disability  except  during  his  attacks,  and  one  died  of  bronchitis, 
complicating  fibrosis  of  both  lungs.  In  cases  of  organic  heart 
disease  parox^'smal  tachycardia  undonbtedly  adds  to  the 
gravity  of  the  outlook;  six  of  my  patients  in  this  group  died; 
three  of  them  had  had  several  attacks  of  cardiac  failure,  and  the 
prognosis,  apart  from  the  j^aroxj'smal  tachycardia,  was  bad ; 
in  the  other  three,  however,  comj^cnsation  was  fairly  well 
maintained,  and  the  damage  to  the  heart  did  not  appear  to  be 
very  grave;  all  three  died  in  an  attack  of  long  duration,  and  it 
appeared  that  death  was  duetto  the  inability  of  the  heart  to  stand 
the  tax  thrown  upon  it  by  the  continuous  and  persistent 
tachycardia.  The  other  seven  patients  in  this  group  lune  not 
shown  the  more  serious  signs  of  cardiac  j'aihu'e;  most  of  them 
can  walk  fairly  comfortal)]y  along  the  level,  but  cannot  go 
uphill ;  one,  a  woman  with  mitral  stenosis,  however,  is  sufficiently 
well  to  play  a  little  tennis.  In  all  of  them  the  attacks  are 
infrequent  and  of  short  duration. 

The  prognosis  of  paroxysmal  tachycardia  as  regards  lifeinay 
be  summarised  as  follows  :  the  outlook  in  cases  where  there  is 
no  evidence  of  organic  heart  disease  is  very  good,  but  in  cases 
where  this  is  present,  frequent  and  prolonged  attacks  greatly 
add  to  the  gravity  of  the  prognosis. 
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Note.— The  Chart  labelled  "A"  in  Dr.  Cameron's  pai:)er  in  the 
January  No.  should  liave  been  labelled  "  B,""  and  that  labelled  "B" 
should  have  been  labelled  "  A."' 


ANOMALIES   OF   SECRETION   IN   THE   UPPER 
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AN  EPITOME  OF   RECENT   INVESTIGATIONS 

By  T.  IZOD  BENNETT,  M.D.,  Assistant  Physician  to  the  Middlesex  Hospital 
and  Beit  Memorial  Follow  for  Medical  Research 


PART  I 

A.  Introductory 

At  the  period  when  J.  A.  Ryle  and  the  present  writer  were 
engaged  in  examining  a  large  series  of  normal  men  by  the 
fraetional  method  of  gastrie  analysis,  E.  C.  Dodds,  working 
in  the  Bland-Sutton  Institute  of  Patholog3%  Middlesex  Hospital, 
published   his   original  paper  ^   showing  tliat   the  taking  of  a 
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Variations  in  alveolar  COg  tension  after  meals  :    (A)  from  a  normal  subject ; 
(B)  from  a  case  where  stomach  had  been  excised. 

meal  produees  a  change  in  the  tension  of  alveolar  CO.,  in  a 
normal  subject  at  rest,  the  change  l)cing  at  lh\st  a  rise  of  tension, 
which  is  followed  by  a  fall  below,  and  a  subsccjucnt  return 
to  the  original  level.  Such  a  curxe  is  shown  in  Fig.  1.  which  is 
reproduced  from  Dodds'  original  paper,     lie  was  at  the  same 
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time  able  to  give  the  result  of  a  similar  examination  of  a  ])atient 
Avhose  stomaeh  had  been  almost  eom})letely  removed;  in  tliis 
ease,  as  shown  in  V\g.  1.  the  rise  of  tension  after  a  meal  was  not 
jiresent.  but  the  later  fall  took  })laee  normally.  From  these 
and  kinilred  observations,  Dodds  dciluecHl  that  the  rise  of  CO, 
tension.  Avlneli  follows  the  takint;;  of  a  meal  by  a  normal  snbjeet, 
was  due  to  the  secretion  of  aeitl  by  the  stomaeh,  and  that  the 
later  fall  probably  rcjDrcsented  alkaline  secretion  below  the 
pylorus. 

Tlie  fact  that  I  had  at  my  disposal  a  larfje  number  of  medical 
students  at  the  Middlesex  and  Guy's  Hospital,  who  had  volun- 
tarily presented  themselves  for  gastric  analysis,  provided  an 
opportunity  for  testing  the  value  of  these  two  methods  of 
estimating  gastro-intestinal  secretion  ;  by  examining  the  alveolar 
COo  changes  in  a  series  of  men  known  to  have  gastric  secretion  of 
very  variable  quantity  and  quality,  we  were  able  to  establish  ^ 
the  accuracy  and  utility  of  both  methods,  and  it  became  apparent 
that  we  were  in  a  position  to  study  the  abnormalities  of  secretion 
in  the  upper  alimentary  tract  from  rather  a  novel  point  of  view. 

Sufficient  eases  have  now  passed  through  our  hands  to 
enable  us  to  make  certain  deductions,  and  it  is  my  endeavour 
in  this  paper  to  describe  our  recent  work,  some  of  which  has  been 
published  or  communicated  elsewhere.  The  conclusions  which 
have  been  reached  are  in  some  instances  at  variance  with 
existing  views,  and  I  am  aware  that  our  work  cannot  properly 
be  regarded  as  more  than  preliminary,  but  our  results  have  been 
consistent  throughout,  and  have,  I  believe,  a  strong  basis  of 
experimental  support. 

B.  Methods  Employed 
1.  Gastric  Analysis 

The  fractional  method  of  gastric  analysis  has  been  employed 
in  all  this  work ;  details  of  tliis  procedure  are  familiar  to  readers 
of  these  Reports,  and  it  is  unnecessary  here  to  say  more  than 
that  great  care  has  been  devoted  to  two  points — the  complete 
removal  of  the  fasting  content  before  the  test-meal  is  given, 
and  the  full  removal  in  most  cases  of  the  total  gastric  content 
at  the  end  of  two  and  a  half  hours.  These,  I  believe,  to  be  very 
important  details.  It  caimot  be  over-emphasised  that  the 
examination  of  small  samples  removed  from  the  stomach  only 
gives  information  as  to  the  conccnlrafion  of  acid,  etc.  in  the 
organ,  which  is  a  very  different  thing  from  the  actual  amount 
of  such  secretions.  It  is  sometimes  possible,  for  example,  to 
obtain  a  few  c.c.  of  juice  from  a  rapidly  emptying   stomach. 
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in  wliicli  tl)C  IICl  reaches  a  very  higli  degree  of  concentration, 
althougli  tlicre  is  not  a  vast  amount  of  secretion  Ijeing  e\'ohed  ; 
in  other  stomachs  it  is  sometimes  possible  to  show,  by  witlul raw- 
ing tlie  total  gastric  content  two  and  a  half  hours  after  a  meal, 
that  a  very  large  amount  of  juice  has  been  secreted,  tliough  its 
concentration  may  not  ])e  greatly  above  the  height  of  the  normal 
average.  Neglect  of  this  conception  has,  I  believe,  been  respon- 
sible for  much  false  deduction  in  the  past,  and  its  imi)ortanee 
will  be  more  fully  demonstrated  in  later  sections  of  this  paper. 
The  lioas  test-meal  of  oatmeal  gruel  has  been  employed 
throughout  these  investigations. 

2.  Ah'colar  CO^  Estimation 

In  this  part  of  the  work  the  subject  is  examined  under  con- 
ditions as  closely  analogous  as  possible  to  those  employed  for 
the  direct  gastric  investigation.  All  subjects  have  been  seen 
early  in  the  morning,  having  had  neither  food  nor  drink  since 
10  p.m.  on  the  previous  night. 

The  fasting  level  of  CO2  tension  is  decided  by  examination 
of  several  specimens  as  soon  as  the  subject  has  sat  at  rest  for 
a  suflicient  time  to  secure  repose.  A  test-meal,  consisting  of 
two  rusks  and  a  glass  of  milk,  is  then  given,  and  samples  of 
alveolar  air  are  examined  every  subsequent  fifteen  or  twenty 
minutes  until  the  whole  cycle  of  change  is  over.  It  would 
clearly  be  in  some  ways  an  advantage  if  the  same  test-meal 
could  be  used  in  both  investigations,  but  we  have  felt  that, 
in  the  absence  of  necessity  for  a  readily  aspirated  and  titrated 
meal,  it  would  be  unfair  to  the  subject  to  deprive  him  of  the 
more  palatable  and  physiological  meal  which  the  COg  method 
allows. 

The  specimens  of  aheolar  air  were  at  first  collected  by  the 
Haldane-Priestley  method,  the  subject  breathing  into  a  long 
tube  from  which  a  ])rojecting  sideway  allowed  collection  of 
the  specimen  into  the  Haldane  gas-analysis  apparatus.  In 
later  work  it  has  been  found  that  more  accurate  samples  can 
be  obtained  by  removing  the  sample  direct  from  the  sul)jcct's 
mouth  by  means  of  a  "  Record  "  syringe,  the  nozzle  of  which  is 
then  rapidly  closed  with  the  finger  and  inserted  in  the  Ilaldanc 
gas-analysis  apparatus.  The  wliole  success  of  the  COo  method 
depends  upon  the  observer's  accuracy  and  skill  in  the  collection 
and  analysis  of  the  sample;  no  method  such  as  the  employment 
of  exhausted  receivers  is  suniciently  accurate  for  the  collection 
of  samples,  and  no  apparatus  that  we  have  seen,  other  than  that 
of  Haldane,  has  suflicient  accuracy  for  the  estimation  of  CO., 
tension    in    the    samples.     Each    observation    of    C'O.^    tension 
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must  be  calculated  I'roni  the  nieau  of  two  samples — oue,  the 
"  expiratory  "  sam{)le,  beiug  taken  on  forcible  expiration  at 
the  end  of  a  normal  expiration,  the  other,  or  ''  inspiratory  " 
sample,  beini;  taken  on  forcible  expiration  at  the  end  of  a  normal 
inspiration.  The  advantage  of  the  syringe  method  of  sampling 
lies  in  the  ease  with  wliich  it  is  applied  in  the  case  of  nervous 
subjects,  whose  anxiety  to  helj)  often  ])revents  them  from 
breathing  normally  into  a  large  tube. 

C.  Acid  and  Alkali  Secretion  and  the  H.t:mato-Respira- 

TOKY    IMeCHANIS.AI    OF   NEUTRALITY    REGULATION 

If  by  fractional  gastric  analysis  it  can  be  shown  that  a  man 
secretes  free  IICl  as  the  result  of  taking  a  test-meal,  it  will 
be  foimd  that  contemporaneously  with  tliis  secretion  of  acid 
there  is  a  rise  of  alveolar  CO^  tension;  should  his  secretion  of 
acid  be  great,  the  rise  of  C()2  tension  will  be  correspondingly 
great ;  in  exceptional  eases,  as  Avill  be  shown  later  in  this 
paper,  the  rise  may  be  as  nuieh  as  15  nun.  of  Ilg,  corresponding 
to  a  difference  of  nearly  2  per  cent,  in  the  CO2  content  of  his 
alveolar  air. 

Why  should  such  a  cliange  occur  in  the  alveolar  air  as  the 
result  of  secretion  by  glands  of  the  alimentary  canal?  The 
answer  becomes  clear  as  soon  as  it  is  realised  that  all  the  secre- 
tions of  the  digesti\e  glands  nuist  be  derived  from  the  blood- 
stream. When  one  remembers  that  the  stomach  may  secrete 
a  pint  or  more  of  highly  acid  juice,  and  that  this  juice  must  be 
elaborated  by  the  gastric  glands  at  tlie  expense  of  the  blood 
which  supplies  them,  it  is  evident  that  the  procedure  must 
tend  to  lower  the  H-ion  concentration  of  the  general  blood- 
stream, or,  in  other  words,  to  produce  an  alkalosis.  Now  it 
has  come  to  be  recognised  by  physiologists  that  the  body  will 
never  readily  suffer  a  change  in  the  Il-ion  concentration  of  the 
blood,  and  that  any  change  in  such  concentration  will  imme- 
diately affect  the  sensibility  of  the  respiratory  centre.  COg 
is  continually  being  evolved  by  tissue-nietal)olism  and  its  dis- 
charge'from  the  blood  is  ensured  by  the  ])ulinonary  ventilation; 
here  then  exists  a  method  for  maintaining  the  requisite  con- 
stancy of  the  blood's  H-ion  concentrati(m.  A  loss  of  acid  into 
the  stomach  at  once  tends  to  lower  the  H-ion  concentration, 
the  lowered  sensitiveness  of  the  respiratory  centre  results  in 
diminished  pulmonary  ventilation,  the  loss  of  the  volatile  acid 
CO2  via  the  pulmonary  capillaries,  alveolar  air  and  expired 
air  is  diminished,  the  COg  tension  of  the  blood  is  increased  to 
a    degree    sufficient   to   maintain    the    H-ion    concentration   at 
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its   previous   level,  and   this   increase   in   blood   COg  tension   is 
aeeurately  reflected  in  the  increase  in  alveolar  COg  tension. 

This  explanation  appears  to  be  the  logical  inference  drawn 
from  the  available  data,  and  I  know  of  no  serious  criticism  of  it. 
Objection  was  at  one  time  raised  by  observers,  who  had  failed 
to  find  any  alteration  in  the  blood,  such  as  one  might  expect 
in  relation  to  such  a  mechanism ;  criticism  loses  weight  in  view 
of  recent  work  by  Dodds  and  Mcintosh,^  whose  findings  in  a 
large  series  of  blood-examinations  I  am  able  to  reproduce  in 
Table  I.  It  will  be  seen  on  reference  to  this  table  that  a  number 
of  subjects  with  normal  secretion,  and  two  men  with  achylia 
gastriea,  were  observed  before  a  meal  and  at  a  later  moment 

TABLE   I. 


CO,  in 

plasma 

Ph  of  plasma 

CC 

J  in  vols  %  (Haldane's  method). 

Alv.  CUj  t^ns. 

(Van 

-lyke's 

(McClen 

dons 

MJ.). 

Md.). 

Whole  blood. 

Plasma. 

Corpuscles. 

Subject  No. 

Before. 

After. 

Before. 

After. 

Before. 

After. 

Before 

After. 

Before 

After. 

Before 

After. 

1 

40-23 

44-30 

64-20 

64-20 

a.  7-80 

b.  7-40 

7-82 
7-40 

58-5 

07-0 

27-5 

27-0 

30-0 

39-1 

2 

42-35 

47-74 

64-20 

64-20 

a.  8-08 

b.  7-40 

8-13 

7-50 

57-0 

66-5 

28-5 

28-5 

27-5 

37-0 

3 

41-91 

48-01 

68-70 

68-70 

a.  8-16 

b.  7-40 

8-20 
7-42 

54-5 

03-0 

35-6 

35-7 

19-3 

27-0 

4 

41-04 

44-80 

65-39 

65-40 

a.  ? 

b.  7-49 

•> 
7-49 

53-5 

59-0 

26-7 

200 

26-4 

310 

5 

35-20 

38-20 

71-93 

72-03 

a.  8-25 

b.  7-48 

8-30 
7-55 

54-0 

61-5 

26-5 

27-0 

28-5 

34-0 

6 

37-34 

43-81 

72-10 

72-94 

a.  7-90 

b.  7-42 

7-90 
7-64 

49-0 

59-0 

25-0 

25-0 

26-0 

34-0 

7 

35-21 

40-20 

68-32 

68-50 

a.  7-80 

b.  7-40 

7-90 
7-50 

48-1 

56-0 

24-1 

24-0 

23-9 

3 10 

8 

35-96 

35-57 

62-10 

62-10 

a.     ? 

1 

48-2 

48-6 

25-5 

25-6 

23-1 

22-9 

(Achylia) 

b.  7-40 

7-40 

9 

36-10 

36-20 

68-40 

68-40 

a.  7-90 

7-95 

49-0 

49-5 

24-0 

24-1 

24-3 

24-9 

(Achylia) 

6.  7-40 

7-40 

during  tlie  height  of  gastric  secretion.  The  readings  marked 
"  before"  indicate  the  first,  those  marked  '*  after"  the  second 
observation  in  each  case.  The  alveolar  COg  tension,  except 
in  the  case  of  the  subjects  with  achylia,  shows  the  typical  rise, 
the  alkali  reserve  shows  no  change,  nor  docs  the  P,,  of  the 
plasma.  When,  however,  the  CO2  tension  of  the  blood  was 
examined,  a  very  different  picture  is  given,  the  whole  l)lood 
(again  except  in  the  case  of  subjects  with  achylia)  shows  a  very 
definite  rise,  and  when  plasma  and  corpuscles  were  examined 
separately  it  appeared  that  this  rise  had  occurred  almost 
exclusively  in  the  corpuscular  portion  of  the  blood.  The 
explanation  of  previous  failures  to  demonstrate  this  is  jMobnbly 
either  that  the  observer  examined   plasma   rather  tlian   whole 
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blood,  or  else  that  the  spcciiiicns  were  not  examined  rapidly 
enongh  after  withdrawal,  a  very  short  interval  being  sufllcient 
to  j^rodiiee  hopelessly  confusing  clianges. 

1).  Tni:   SiGxiricAxcE   of  the   Falt,   in    CO.^  Tension   at  a 
Later  Period  of  Digestion 

The  fact  that  tlie  rise  of  CO.^  tension  varied  direetly  with 
the  degree  of  gastric  secretion  suggested  that  the  later  fall  in 
tension  must  correspond  to  the  degree  of  alkali  secreted  into 
the  duodenum.  The  fact  tliat  this  fall  without  any  j^rcccding 
rise  was  well  marked  in  subjects  whose  only  known  abnormality 
was  an  absence  of  gastric  secretion  further  supported  this  view. 
INIorc  evidence  on  this  point  was  clearly  desirable,  and  with  a 
view  to  obtaining  it,  a  series  of  exj^criments  was  devised  by 
which  food  was  introduced  directly  into  the  duodenum.     One 
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Fig.  2. 

Variations  in  alveolar  CO2  tension  produced  by  the  direct  introduction  of  food 
into  the  duodonmn  (A  and  B)  and  stomach  (C). 

of  these  exjierimcnts,  which  will  Ijc  found  fully  described  else- 
where,' is  reproduced  in  Fig.  2.  The  sul)ject,  fasting,  swallowed 
an  Kiiiliorn  tul)C  to  a  depth  sufficient  to  allow  of  its  traversing 
the  ])yiorus;  at  the  end  of  about  an  hour,  alkaline  bile-stained 
fluid  was  aspirated,  indicatiug  that  the  end  of  the  tube  was  now 
in  the  duodenum.  The  fasting  level  of  alveolar  COg  tension 
having  been  ascertained,  20  e.e.  of  gruel  were  introduced  direetly 
through  the  tube,  and  it  was  found  that  a  tyj)ical  fall  in  tension 
was  produced  (Fig.  2,  A.).  This  was  later  repeated  at  the  point 
B  ;  the  tube  was  then  withdrawn  until  its  end  was  in  the  stomach. 
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Introduction  of  food  now  produced  a  typical  gastric  rise  of  CO, 
tension  witli  the  later  fall  as  usual  (Fig.  2,  C), 

From  this  series  of  experiments  it  becomes  clear  that  the 
fall  in  CO2  tension  during  later  stages  after  a  meal  does  corre- 
spond with  the  entrance  of  food  into  the  duodciuun  :  and  knowing 
that  the  previous  rise  is  directly  associated  with  the  loss  of 
gastric  HCl  from  the  blood-stream,  there  ajipcars  to  be  no 
escape  from  the  conclusion  that  the  fall  must  represent  secretion 
of  alkali.  Much  previous  work,  and  particularly  that  of 
Boldireff,^  has  established  that  the  source  of  alkali  in  the  duo- 
denum is  threefold,  coming  from  the  pancreatic  juice,  the  bile, 
and  the  glands  of  the  intestine.  It  has  furthermore  established 
that  the  pancreatic  juice  is  the  predominant  factor.  It  may, 
I  believe,  be  accepted  that  any  definite  fall  in  a  subject's  CO2 
tension  occurring  as  the  result  of  a  meal  represents  his  secretion 
of  alkaline  pancreatic  juice. 

E.  The  Continuous  Nature  of  Gastric  and  Pancreatic 
Secretion  and  the  Effects  of  Atropine  on  such 
Secretions 

It  is  a  fact  familiar  to  all  that  the  secretion  of  the  salivary 
glands  is  continuous ;  reaching  its  maximum  during  the  mastica- 
tion of  savoury  food,  it  still  continues  between  meals.  The 
observations  of  Carlson,"  made  upon  a  subject  with  oesophageal 
stenosis  and  a  permanent  gastric  fistula,  have  established  that 
in  ordinary  life  the  stomach  also  secretes  slowly  and  continu- 
ously even  when  empty.  Starvation  appears  to  arrest  this 
in  time,  but  normally  there  is  a  perpetual  slight  evolution  of 
acid  juice  between  meals. 

I  have  formed  the  opinion  that  the  pancreas  must  also  be 
considered  as  a  continuously  secreting  organ,  producing  small 
amounts  of  alkaline  juice  even  when  the  duodenum  is  empty, 
and  secreting  in  far  greater  degree  in  response  to  stinuili,  the 
exact  nature  of  which  can  only  be  surmised,  but  which  reach  it 
whenever  food  enters  the  duodenum. 

This  was  the  conclusion  which  Dodds  and  I  arrived  at  as 
the  results  of  our  experiments  with  atropine;  details  of  these 
have  been  ])ublislied  elsewhere,'  but  they  may  be  summarised 
as  follows. 

1.  Gastric  lavage  with  a  weak  sohitioii  ol'  ntropiiic  arrests 
the  secretion  of  IICl. 

2.  The  introduction  of  food  into  a  stomach,  wjiicli  has  been 
washed  witJi  a  weak  solution  of  atropine,  is  not  l"<tl lowed  by  the 
rise  of  alveolar  CO.,  tension   which   normaliv  occiu's,    but   the 
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fall  in  tension  ^vlli(•h  occurs  later,  when  the  Tood  has  traversed 
the  pylorus,  is  not  interfered  with. 

3.  If  the  duodenum  be  waslied  with  a  weak  solution  of  atro- 
pine by  means  of  a  tube  wiiieli  traverses  the  stomach  leaving 
that  origan  untouched,  the  normal  fall  of  CO2  tension,  which 
occurs  whenever  food  readies  the  duodenum,  is  arrested. 
The  rise  of  COo  tension,  corresponding  to  a  secretion  of  acid, 
can  still  be  produced  by  introduction  of  food  into  the  stomach. 

These  facts  can  be  seen  demonstrated  in  Figs.  3  and  4, 
which  show  tlie  readings  of  COo  tension  obtained  in  healthy 
subjects  investigated  in  the  manner  indicated. 
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Fig.  3. 

Variations  in  alveolar  CO2  tension  produced  by  the  introduction  of  food  into 
the  stomach  before  and  after  gastric  lavage  with  a  solution  of  atropine. 

l?ut  the  experiments,  in  addition  to  demonstrating  the 
power  of  local  atropine  applications  of  arresting  the  normal 
acid  and  alkali  secretions  in  response  to  food,  bring  out  something 
less  easily  foreseen.  It  will  be  observed  on  reference  to  Fig.  3 
that  gastric  lavage  with  atropine  was  immediately  followed 
by  a  fall  in  the  fasting  level  of  the  COg,  and  that  the  fasting 
level  remained  in  this  new  position  until  the  end  of  the  experi- 
ment ;  conversely  Fig.  4  demonstrates  that  duodenal  lavage 
with  atropine  causes  an  immediate  rise  in  the  fasting  level  to 
a  new  position,  which  is  maintained.  What  is  the  explanation 
of  these  phenomena?  They  can,  I  believe,  be  explained  in 
only  one  way — that  a  continuous  secretion  cither  of  acid  or  of 
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alkali  has  been  suspended  by  the  action  ol"  the  druif.  Tiic 
result  ol"  these  experiments  was  unexpeeted,  but  the  conce])ti()n 
is  not  a  surprising  one  on  review;  knowing  the  continuous 
nature  of  salivary  and  gastric  secretion,  and  indeed  of  active 
glands  in  general,  there  is  nothing  peculiar  in  the  pancreas  also 
being  a  continuously  secreting  organ. 

Very  suggestive  is  the  light  which  this  conception  sheds  on 
the  significance  of  the  fasting-level   of  alveolar  CO2  tension; 
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Fig.  4. 

Variations  in  alveolar  CO2  tension  produced  by  the  introduction  of  food  into 
duodenum  or  stomach  before  and  after  duodenal  lavage  with  atropine. 

for  the  change  in  this  level,  which  follows  the  arrest  of  a  con- 
tinuous secretion,  shows  that  the  normal  level  must  be  looked 
upon  as  a  point  of  balance  between  a  contintious  loss  of  acid 
by  the  stonuich  and  a  continuous  loss  of  alkaU  by  the  pancreas. 
It  will  be  seen  in  a  later  portion  of  this  paper  that  subjects  with 
gastric  hypersecretion  do  show  a  high  fasting  level  of  COo  tension, 
and  that  another  class,  whom  we  believe  to  have  pancreatic 
hypersecretion,  show  an  uiuisually  low  fasting  level. 

F.  The  Normal  Average  Control  Picture 

For  purpose  of  comparison  with  abnormal  cases,  it  is  neces- 
sary to  reproduce  the  figures  indicative  of  the  normal.  This 
I  have  done  in  Fig.  5.  The  black  ribbon,  which  shows  the  normal 
average  HCl  given  by  fractional  gastric  analysis,  is  deri\c(i 
from  the  work  by  J.  A.  Pyle  and  myself."  For  CO._,  tension 
figures  it  is  impossible  to  make  any  such  general  tracing,  because 
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the  variatimi  in  tlic  Tasting  level  in  individuals  is  too  great; 
the  four  eur\es  reprodueed  may  be  aeee})ted  as  representative 
of  the  usual  i)ieture  in  health:    that  is  to  say,  the  average  man 


mm   ' 

1,0 

NiOH. 
10 


i%f- 


HCl. 


Fig. 


I'/X       1       i'^J.      Sfcry 


The  response  of  normal  men  to  test-meals.  Above  are  four  typical  curves  of 
alveolar  CO2  tension.  Below  the  tracing  of  free  HCl  in  gastric  contents  of  the 
great  majority. 

is  found  to  have  a  rise  of  3-5  nun.  Ilg.  in  response  to  a  meal, 
with  a  drop  of  corresponding  depth  at  later  stages. 

The   variations   from   these   figures    encountered    in   health 
will  be  found  fullv  described  elsewhere.-'  "^ 


PART  II 

A.  Hypersecretory  States 
1.  Gastric  Hypersecretion  ;    Reichmann' s  Syndrome 

A  general  survey  of  the  literature  concerning  gastric  hyper- 
secretion will,  I  believe,  convince  any  reader  tliat  in  all  countries 
there  exists  a  baffling  state  of  confusion  regarding  the  subject. 
This  is  very  largely  due  to  the  fact  that  it  has  become  customary 
to  label  as  "  hyperchlorhydria  "  or  "  hypersecretion  "  any  case 
in  which  the  gastric  contents  have  been  shown  to  contain  a 
high  concentration  of  HCL 

Recent  investigations  have  tended  to  confirm  Pavlov's 
view  that  the  gastric  secretion  does  not  change  from  moment 
to  moment  as  regards  its  acid  strength,  though  the  rate  of  secre- 
tion is  capable  of  wide  variation;    and  one  feels  that  the  word 
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hyperclilorhydria  is  one  ^vlli(•]l  should  l)e  avoided  in  medical 
literature,  unless  more  j^reeision  can  be  arrived  at  regarding 
its  deiinition.  On  the  other  hand,  the  term  hypersecretion 
has  been  almost  equally  abused.  Since  the  ad\ent  of  fractional 
gastric  analysis  both  English  and  American  writers  usually 
refer  to  any  constantly  rising  curve  of  acid  concentration  as 
"  hypersecretory  "  ;  careful  study  of  tlie  factors  responsible 
for  sucli  a  curve  makes  clear  the  error  in  such  reasoning. 
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Curves  of  alveolar  CO2  tension  and  of  fiee  HCl  in  gastric  contents  from  a  subject 
with  marked  concentraiion  of  gastric  acidity  but  without  very  marked  liyper- 
secretion. 

In  Figs.  G  and  7  will  he  seen  curves  of  gastric  IK'l  lioin  two 
subjects;     each   rises    steadilv,    one    to  the    extreme    tit  re   of 
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case  with  the  higlily  concriit  I'ated  gastric  contents  had  little 
juice  in  the  fasting  stomach,  and  from  one  and  a  (piarler  hours 
after  tlie  test-meal  it  was  with  dillieulty  that  sullieicnt  could 
be  aspirated   from   the   stomach    for   purposes   of  analysis.      In 
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the  case  "svitli  tlic  less  eoneentrated  eoiitents  tliere  was  abundant 
restintr-juiee,  well  over  100  e.e.,  and  at  twH)  and  a  lialf  honrs 
over  300  e.e.  oi'  gastrie  eontents,  eontaining  very  little  of  the 
starehy  meal,  were  recovered.  Clearly  it  is  in  the  latter  case  that 
true  hypersecretion  existed,  and  the  CO.y  curves  from  these 
cases  demonstrate  that  fact  very  dramatically.  For  in  the  first 
case  (Fig.  6)  there  is  a  rise  of  7"5  nun.  of  Hg.  only,  whereas 
the  second  gives  a  rise  of  no  less  tlian  15  nun.;  comparison 
witli  tlie  normal  average  figures  shows  the  extent  of  this  change. 
Until  the  alveolar  COg  estimations  had  been  performed  on 


hi 

WD 

9o 


NiOH. 


/ 


mejii. 


/\., 


\ 


COi. 


\j- 


/ 


.-•'• 


/ 


HCI 


^ 


Fig.  7. 
From  a  case  of  true  gastric  lij^pcrsecretion. 

these  cases  I  had  personally  overlooked  the  distinction  between 
them,  believing  indeed  that  the  case  with  extreme  concentration 
was  also  the  one  with  the  greater  total  secretion  of  gastric  juice. 
Re-examining  them  it  became  clear  that  the  reverse  was  true; 
the  subject  illustrated  in  Fig.  G  had  a  fasting  content  of  higli 
titre,  but  small  in  amount,  and  the  difficulty  of  recovering  any- 
thing from  his  stomach  after  one  and  a  quarter  hours  was  a 
notable  feature;  the  subject  in  Fig.  7  was  proved,  by  the 
recovery  after  two  and  a  half  hours  of  300  e.e.,  containing  very 
little  starch,  to  have  a  true  hypersecretion.     It  is  only  by  care- 
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fully  looking  Tor  such  c'\  idtiict'  that  cases  ol"  hypersecretion  can 
be  identified,  mere  high  acidity  alone  being  insufficient. 

In  1882  Reichmann,^  a  Polish  physician,  published  his  first 
account  of  gastrosuccorrho^a,  a  disease  or  syndrome  said  to  be 
characterised  by  headache,  vomiting  of  excessive  acid  juice, 
and  other  rather  indefinite  symptoms.  His  work  has  not  been 
fully  accepted,  and,  following  largely  upon  the  criticisms  of 
Soupault,"  the  French  school  of  gastro-enterologists  have  in 
general  denied  it,  laying  down  that  hypersecretion  is  always  an 
accompaniment  of  an  organic  lesion  in  or  near  the  alimentary 
tract,  or  even  that  every  case  of  ulceration  near  the  pylorus  is 
accompanied  by  hypersecretion. 

Our  recent  observations  do  not  support  this  latter  view; 
we  have  only  encovmtered  a  condition  that  could  clearly  be 
called  gastric  hypersecretion  in  five  cases.  Two  of  these  were 
men  apparently  in  good  health,  with  no  sign  or  symptom  of 
disease.  The  third  had  trivial  symptoms  and  would  certainly 
not  have  called  for  serious  investigation  in  the  course  of  usual 
medical  routine;  he  was  a  medical  student,  who  volunteered 
the  opinion  that  his  condition  was  a  neurosis ;  certainly  his 
symptoms  have  disappeared  after  a  few  weeks'  treatment  with 
atropine  and  regulation  of  his  mode  of  life.  Of  the  remaining 
two  one  had  symptoms  very  suggestive  of  duodenal  ulcer, 
and  the  last  was  found  at  operation  to  have  a  very  large  ulcer 
of  the  duodenimi. 

Eliminating  all  cases  in  which  pyloric  obstruction  or  spasm 
causes  prolonged  food-retention  and  hence  prolonged  gastric 
stimulation,  there  is  certainly  a  class  of  case  in  which  gastric 
hypersecretion  is  a  very  real  phenomenon;  that  any  disease  is 
present  I  have  no  evidence,  but  the  condition  is  a  definite  one, 
and  is  to  my  mind  of  particular  interest  in  view  of  the  section 
of  this  paper  which  immediately  follows. 

2.  Pan  erectile  Hypersecretion  ;  Diabetes  MeUitus 
The  extreme  degree  of  gastric  secretion  seen  in  the  gr(Mip 
of  cases  just  described  raised  the  question  as  to  whether  an 
analogous  condition  might  not  sometimes  exist  in  the  pancreas. 
I  have  referred  to  the  significance  of  the  fasting  level  of  CO., 
tension  as  a  balance  between  gastric  and  pancreatic  secretion, 
a  high  level  being  indicative  of  increased  secretion  l)y  tlic 
stomach.  It  is  equally  well  established  that  low  or  absent 
gastric  secretion  is  associated  with  a  low  fasting  level  of  CO^ 
tension ;  if  cases  of  pancreatic  hypersecretion  occur  tluy  too 
should  be  characterised  by  a  low  CO.,  le\'el. 

Such  were  the  considerations  which  directed  our  attention 
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to  diabetes  iiiellitus.  lV)r  since  the  \aluable  work  ol'  Hcddard, 
Pcnibrcy  and  Spriggs,!''  Avho  lirst  described  the  ai)phcation 
o(  alvcoUir  air  analysis  to  the  jjrobleni  of  diabetic  coma,  it  lias 
been  established  that  severe  diabetes  is  frequently  associated 
with  a  very  low  alveolar  CO2  tension. 

It  is  usually  believed  that  such  lowering  of  CO^  tension  in 
diabetes  is  tlie  result  of  kctosis;  acetone  bodies,  the  product 
of  deficient  I'at  katabolisni,  being  present  in  the  blood  and  replac- 
ing a  certain  amount  of  the  normal  CO^;  supporting  this  view 
is  the  well-estal)lished  fact  that  the  lowest  recorded  readings 
of  COo  tension  occm*  when  the  patient  is  on  the  verge  of  coma. 
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Fig.  8. 

Curves  of  alveolar  CO2  tension  following  test-nicals,  in  a  scries  of  cases  of  diabetes 

mellitus;    to  illustrate  exaggeration  of  pancreatic  fall. 

with  marked  ketonuria.  With  this  observation  we  fully  concur, 
but  in  addition  w^e  have  observed  that  even  in  the  absence 
of  evidence  of  kctosis  it  is  usual  to  find  a  low  CO2  tension  in 
marked  cases  of  diabetes. 

A  full  account  of  our  first  o})scrvations  w^ill  be  found  else- 
where; 1^  we  have  now  had  the  opportunity  of  examining  more 
than  twelve  cases  of  severe  diabetes,  and  representative  curves 
of  CO2  tension  from  a  series  of  these  arc  shown  in  Fig.  8. 
It  will  be  seen  that  the  fasting  level  of  CO2  tension  is  low,  and 
that  in  addition  there  is  in  response  to  the  test-meal  a  fall  in 
tension  much  greater  than  that  seen  in  normal  persons.  We 
believe  that  this  indicates  a  pancreatic  hypersecretion,  analogous 
to  the  gastric  hypersecretion  described  in  the  preceding  section, 
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and  I  feci  that  such  a  conception  chici(hitcs  many  obscure 
problems  connected  with  diabetes. 

It  is,  for  instance,  well  known  that  the  ingestion  of  more 
than  100  grammes  of  glucose  will  produce  hyperglyca-mia  and 
glycosuria  in  most  normal  men,  whereas  300  grammes  of  cane- 
sugar  will  produce  no  such  effect.  Suppose,  however,  that  the 
300  granuiies  of  cane-sugar  or  even  a  starch  meal  were  rapidly 
attacked  by  large  quantities  of  pancreatic  juice,  clearly  there 
would  be  a  rapid  production  of  excessive  amounts  of  glucose  in 
the  small  intestine,  hypcrglyCtTmia  and  glycosuria.  If,  on  the 
other  hand,  the  matter  be  considered  from  the  point  of  view 
of  the  internal  secretion  of  the  pancreas,  one's  first  thoughts 
are  concerned  with  the  difTiculty  of  harmonising  the  small 
amount  of  pancreatic  tissue  left  in  the  animal  with  experimental 
diabetes,  and  the  apparently  large  amount  of  gland  substance 
seen  in  the  victims  of  severe  human  diabetes.  Here  again  it 
would  seem  natural  that  in  a  human  pancreas,  w'hich  was  pouring 
out  excessive  amounts  of  external  digestive  juice,  there  should 
soon  occur  an  exhaustion  of  the  islets  of  Langerhans  and  a 
deficiency  of  internal  secretion.  The  whole  conception  seems 
to  fit  in  with  the  known  facts  and  the  effects  of  the  modern 
system  of  treatment  to  a  surprising  degree. 

I  am  at  present  carrying  out  experimental  work  witii  a  view 
to  ol)taining  further  information  on  these  points;  meanwhile 
it  must  be  noted  that  these  curves  of  COg  tension,  seen  in  dia])etes, 
have  been  encountered  in  no  other  condition  either  physiological 
or  pathological. 

B.  Hyposecretory  States 
1.  Gastric  Ilyposecrction 

I  find  it  exceedingly  difiicult,  when  reviewing  my  personal 
observations,  to  make  any  general  statement  concerning 
achlorhydria,  or  benign  achylia  gastrica.  One  clearly  important 
fact  is  the  frequency  of  its  occurrence  in  health.  In  the  series 
of  one  hundred  normal  healthy  men  examined  by  Ryle  and 
myself  it  occurred  in  four  subjects;  three  other  men  in  whom 
it  was  present  were  excluded  from  the  series,  although  without 
sign  or  symptom  of  disease,  on  account  of  a  i)ast  history  of 
gastro-intestinal  or  general  disorders. 

No  other  real  series  of  normals  has,  as  far  as  I  liaM-  I)ccn 
able  to  ascertain,  ever  been  published;  smaller  series  have  been 
derived  from  patients  with  symptoms,  but  no  signs,  of  organic 
disease,  and  the  absence  of  achylia  gastrica  in  such  series  points, 
I  fancy,  to  the  observers  having  accepted  achl<>rli\(lria  as  a 
definite  pathological  sign. 
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The  occurii'iu'i'  o\'  coinplcte  achlorliydria  iii  men,  who  are 
elearly  in  iH)l)ust  health,  nnist  make  one  pause  before  accepting 
it  as  necessarily  a  morbiil  condition;  I  liave  many  times  encoun- 
tered it  in  patients  with  dyspeptic  sym})toms,  hut  the  majority 
of  them  liave  given  no  evidence  of  any  definite  disease.  Usually 
their  symptoms  ha\"e  ajipeared  to  be  largely  neiu'otic,  slight 
discomfort  and  flatulence  exaggerated  by  a  hypersensitive 
individual. 

My  experience  is  that  it  is  very  rare  to  encounter  a  patient 
with  benign  achylia,  whose  stomach  does  not  empty  with  marked 
rapidity,  an  effect  which  is  in  accordance  with  the  conception 
of  the  acid  control  of  the  pylorus.  A  frequently  empty  stomach 
of  this  type  will  probably  entail  an  unusual  frequency  of  the 
liunger  contractions  which  govern  appetite,  and  it  may  w'ell  be 
tliat  therein  lies  the  explanation  of  the  abnormal  sensations 
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Fio.  9. 
From  a  case  of  benign  achylia  gastrioa 

a  case  of  pancreatic  insufficiency. 

of  this  class  of  dyspeptics,  as  well  as  of  the  acrophagy  which 
produces  their  flatulence. 

In  Fig.  9  are  given  the  curves  of  gastric  acidity  and  CO2 
tension  from  a  typical  benign  achylia;  the  absent  HCI  and 
very  low  total  acid  are  typical ;  the  absence  of  gastric  rise  in 
CO2  tension  is  well  demonstrated,  and  the  pancreatic  drop  is  of 
normal  depth,  as  would  be  expected  in  such  a  case,  which 
shows  no  signs  of  pancreatic  deficiency. 

2.  Pancreatic  Ilyposecretion 

We  have  observed  some  six  cases  of  pancreatitis,  but  only 
one  of  them  was  in  sufficiently  good  healtli  to  allow  of  accurate 
data  being  collected.  The  patient,  a  man  of  forty,  had  for 
years  had  signs  of  pancreatic  insufficiency,  with  unsplit  fat 
and  meat  fibres  in  his  faeces ;  a  laparotomy  was  performed  three 
years  ago,  revealing  a  fibrotic  condition  of  the  pancreas. 

His  CO2  tension  is  shown  in  Fig.   10.     The  gastric  rise  is 
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less  than  usual;  the  pancreatic  fall  is  so  slight  as  to  approach 
the  limit  of  experimental  error,  I  reproduce  this  l)ccause  tlie 
case  was  one  in  which  the  diagnosis  was  conlirmed  and  because 
the  patient  was  in  sufficiently  good  general  healtli  to  permit 
accurate  observation. 

3.  G astro-Pancreatic  Ilyposecretion.     Addison'' s  {Pernicious) 

Ano'jnia 

The  association  of  pernicious  ana?mia  with  diminished  gastric 
secretion  has  been  recognised  since  the  pioneer  observations 
of  Samuel  Fenwick.i^  Authorities  differ  as  to  tlie  exact  fre- 
quency of  complete  achlorhj'dria  in  tliis  disease,  but  it  is  unques- 
tionably present  in  the  majority  of  cases  even  at  tlie  first 
examination  tliat  is  made.  Using  the  old  single-estimation 
method  of  gastric  analysis  Cabot  ^^  reports  but  one  case  in  79 
with  any  marked  secretion  of  IICl ;  Friedenwald  and  Morrison  " 
found  42  cases  of  complete  achlorhydria  in  a  series  of  57,  and, 
more  recently  Levine  and  Ladd,^^  using  a  Rehfuss  tube  and 
examining  specimens  at  intervals  after  meals,  foimd  achlorhydria 
in  all  but  one  of  105  cases. 

It  must  be  conceded  that  in  none  of  these  series  have  the 
technique  of  gastric  analysis  or  the  clinical  criteria  for  making 
the  diagnosis  been  such  as  to  eliminate  all  error,  but  it  would 
seem  that  the  greater  the  attention  that  is  paid  to  such  details 
the  higher  becomes  the  proportion  of  cases  of  Addison's  anaemia 
in  whom  there  is  complete  achlorhydria. 

In  the  last  mmiber  of  these  Reports  prominence  was  given 
to  the  problem  of  the  etiological  significance  of  this  factor, 
Dr.  A.  F.  Hurst  in  particular  being  emphatic  in  support  of  the 
thesis  that  the  ana?mia  is  probably  the  result  of  an  infection 
which  reaches  the  blood-stream  owing  to  a  previous  loss  of 
the  protective  gastric  HCl. 

Observation  of  the  alveolar  COg  tension  of  cases  of  Addison's 
anaemia  throws  an  additional  light  on  the  question.  This  Avill 
be  appreciated  by  referring  to  the  upper  part  of  Fig.  11,  whore 
will  be  seen  the  COg  tensions  from  four  ty])ical  cases.  The 
contrast  which  these  present  with  benign  cases  such  as  are 
illustrated  in  Fig.  0,  lies  in  the  fact  that  in  Addison's  ana-mia 
there  is  a  marked  dimimition  in  the  })ancrcatic'  droj)  as  well  as 
in  the  gastric  rise.  This  picture  we  have  obtained  in  each  of 
the  six  cases  of  Addison's  ananiia  which  we  have  been  al)le  to 
examine  by  the  double  method.  It  will  l)o  observed  that  the 
gastric  analysis,  seen  in  the  lower  ))oiti()n  of  the  same  TiLrnre, 
is  in  no  wav  different  from  the  i)ietnre  given  1)\-  l)enign  cases 
(Fig.  9). 
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It  si-t'ins  certain,  in  \i(.'\v  of  these"  peculiar  curves  of  CO.j 
tension,  tliat  in  Addison's  ana'iiiia  there  is  a  diniinished  secretion 
from  the  pancreas  as  well  as  from  the  stomach:  the  supj)osition 
harmonises  with  the  clinical  experience  that  diarrhu'a  is  a 
not  infrcHpient  symptom.  It  should,  I  believe,  be  accepted 
that  diarrlura  oecurrinfif  in  association  Avith  a  gastric  hypo- 
secretion  is  freijuently  due  to  jnincreatic  disorder;  we  know 
that  many  cases.  ])rol)ably  the  great  majority,  of  benign  achlor- 
hydria  have  normal  stools,  we  know  that  the  absence  of  IICl 
in  the  gastric  juice  is  a  potential  cause  of  infection  lower  down 
the  bowel,  and  I  find  it  difficult  to  believe  that  apart  from  some 
additional  factor  such  as  pancreatic  deficiency,  achlorhydria 
can  produce  diarrhoea. 

Reverting  to  the  peculiar  curves  of  alveolar  COg  tension 
in  Addison's  amrmia,  is  it  j^erhaps  ])ossible  that  they  and  the 
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From  a  series  of  cases  of  pernicious  aiuemia,  to  show  the  maiked  diminution  of 

pancreatic,  as  well  as  of  gastric,  response  seen  in  this  condition. 

secretory  disturbances  are  both  secondary  to  the  blood-con- 
dition? If  for  any  reason  the  blood  be  materially  altered  it 
is  clearly  possible  that  the  secretory  glands  may  be  unable 
to  form  from  it  the  juices  which  they  usually  elaborate;  the 
fact  that  there  is  evidence  of  hyposecretion  both  of  the  pancreas 
and  of  the  stomach  seems  at  first  sight  to  be  in  accordance 
with  such  a  view.  Further,  we  have,  in  a  very  severe  case 
of  secondary  anaemia,  which  followed  months  of  uterine  haemor- 
rhage, found  complete  achlorhydria,  and  a  ciu've  of  alveolar  CO., 
tension  with  gastric  rise  and  pancreatic  fall  much  smaller  in 
degree  than  the  normal. 

If  it  be  true  that  achlorhydria  precedes  the  onset  of  Addison's 
anaemia  by  months  or  years,  it  is  probable  that  the  blood 
conditifjn  does  result  from  the  1(jss  of  the  stomach's  normal 
bactericidal  function ;    if,  on  the  other  hand,  it  be  a  fact  that 
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cases  of  Addison's  anaemia  seen  sufficiently  early  have  a  good 
secretion  ol"  IICl,  it  becomes  more  probal)le  that  the  secretory 
disturbances  are  themselves  ha;matogenous  in  origin. 

In  this  connection  I  feel  that  we  should  not  lose  sight  of 
the  close  resemblance  which  cases  of  Addison's  anaemia  bear 
to  certain  rather  unusual  cases  of  cancer  of  the  stomach.  Every 
clinician  has  occasionally  encountered  patients  whose  lemon- 
yellow  complexion,  weakness,  breathlcssness,  wasting  and  vague 
digestive  symptoms,  without  a  typical  blood-picture,  and  without 
a  palpable  tumour,  render  the  differential  diagnosis  almost 
impossible.  In  my  experience  it  is  not  uncommon  in  such 
patients  to  obtain  a  result  on  fractional  gastric  analysis  which 
is  typical  of  either  benign  achlorhydria  or  of  Addison's  anaemia, 
and  yet  "the  diagnosis  has  ultimately  turned  out  to  be  carcinoma 
of  the  stomach. 

It  is  interesting  to  remember  that  Samuel  Fenwick,  the 
physician  who  in  England  first  discovered  the  secretory  abnor- 
malities of  Addison's  anaemia,  was  occupied  by  this  very 
problem. ^^  Seeking  for  some  general  causative  factor  in  cancer, 
he  examined  the  gastric  mucosa  of  many  patients  who  liad  died 
in  the  Cancer  Charity  of  the  Middlesex  Hospital,  and  found 
atrophy  of  the  gastric  tubules  in  a  large  proportion  of  them, 
even  when  the  site  of  the  tumour  was  far  removed  from  the 
stomach.  Later  ^^  he  made  a  similar  investigation  in  cases 
of  Addison's  anaemia  with  even  more  definite  results.  His  view 
was  that  in  cancer  and  in  Addison's  an;cmia  there  was  a  primary 
atrophy  of  the  gastric  glands  which  led  to  a  disturbance  of  that 
digestive  function  of  the  stomach  wliicli  was  "'  necessary  to 
enable  the  albuminous  portion  of  the  food  to  reach  the  ^•ascular 
system."  This  theory  is  not  far  removed  from  the  more  modern 
one,  which  supposes  that  reduced  bactericidal  power  of  the 
stomach  gives  unknoAvn  toxins  access  to  the  ])lood. 

Until  further  c\'idence  has  been  collected  from  \ery  early 
cases  of  Addison's  anaemia  one  can  but  speculate  as  to  the  role 
played  by  the  gastric  hyposecretion.  For  the  moment  my  pur- 
pose is  to  draw  attention  to  the  obser\'ations  we  ha\e  made, 
pointing  to  the  presence  of  a  pancreatic  deficiency  in  this  disease. 

C.  Secretory  Disturban'ces  chiefly  depenuext  upon 
Derangement  of  Pyloric  Function 

1.  Ju.tta-Pi/Iorir    VJccr 

The  numi)er  of  cases  of  jjcptic  ulcer  which  give  hibonitory 
findings  that  are  of  great  diagnostic  value  has  certain  limitations  ; 
in  my  experience  such  cases  are  limited  to  those  in  which  the 
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ulcer  is  jiixta-pvloric  in  situation.  A  representative  observation 
from  a  case  of  this  class  is  given  in  Fig.  12;  the  diagnosis  was 
confirmed  by  operation. 

It  will  be  seen  that  the  IIC'l  follows  the  climbing  course 
of  increasing  concentration;  the  CO.,  curve  shows  a  degree  of 
secretion  only  slightly  greater  than  that  of  the  usual  normal. 
This  and  a  series  of  similar  observations  have  convinced  me 
that  the  usual  findings  in  cases  of  gastric  ulcer  arc  indicative 
merely  of  a  disturbance  of  the  normal  pyloric  function.  For  it 
must  again  be  emphasised  that  a  climbing  curve  of  HCl  does 
not  necessarily  imply  hypersecretion,  it  merely  shows  that  the 
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Fig.  12. 
From  a  case  of  juxta-j)yloiic  ulcer. 

acid-production  is  continuously  equal  to  or  greater  than  the 
neutralising  factors;  the  great  neutralising  factor,  as  Bolton 
and  Goodhart  have  recently  established, i'  is  the  regurgitation 
of  alkaline  pancreatic  juice,  and  should  its  reflux  be  prevented 
by  pyloric  stenosis  or  pylorospasm,  a  climbing  curve  must 
result  in  any  acid-secreting  stomach.  One  knows  that  this  type 
of  curve  may  be  met  with  in 

(1)  a  few  apparently  normal  men; 

(2)  dyspeptics  with  marked  gastric  hypersecretion ; 

(3)  many  cases  of  gall-stones  or  cholecystitis; 

(4)  many  cases  of  tabes  with  gastric  crises;    and 

(5)  certain  cases  of  gastric  or  duodenal  ulcer. 
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With  tlie  exception  of  the  rare  cases  of  true  excess  of  secretion, 
I  would  suggest  that  in  all  these  examples  it  is  pyloric  relaxation 
that  is  adversely  affected. 

Everyone  who  has  investigated  cases  of  gastric  ulcer  knows 
the  infrequcncy  of  such  a  picture,  and  the  anomalous  nature 
of  the  symptoms,  in  cases  where  the  ulcer  is  high  on  the  lesser 
curvature,  or  far  removed  from  the  pylorus;  our  failures  with 
such  cases  make  it  clear  that  none  of  us  can  dogmatise  as  to  the 
diagnosis  of  ulcer  by  laboratory  methods,  they  also  suggest 
that  it  is  the  pyloric  factor  which  usually  is  responsible  for  our 
successes. 

2.  Juxta-Pyloric  Cancer 

A  typical  picture  from  a  case  of  cancer  of  the  pyloric  end 
of  the  stomach  is  reproduced  in  Fig.  13.  The  gastric  analysis 
illustrates  the  almost  absent  IICl,  the  high  total  acid,  and  the 
delayed  emptying  characteristic  of  this  condition.     The  CO, 
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Fig.  13. 
From  a  case  of  carcinoma  of  the  pyloric  end  of  the  stomach. 

curve  shows  an  absence  of  the  gastric  rise,  a  normal  pancreatic 
fall,  and  a  delay  in  the  whole  secreting  cycle.  I  believe  that 
these,  and  all  other  approved  tests  for  gastric  carcinoma,  are 
in  reality  merely  tests  for  extreme  pyloric  stenosis,  or  for  the 
decomposition  of  stagnant  gastric  contents. 

I  have  succeeded  in  many  cases  in  demonstrating  a  free 
secretion  of  IICl  in  such  stomachs  after  washing  the  mucosa 
very  carefully  for  some  time;  by  the  same  means  the  total 
acidity  can  be  reduced  to  normal  limits,  it  being  merely  indica- 
tive of  fermentation  above  an  obstruction;  the  Oplcr-lioas 
bacillus,  the  lactic  acid,  the  high  mineral  chlorides  seen  in  such 
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cases,  all  1  l)(.licvc  to  be  ol'  similar  origin;  tlu-y  arc  not  seen  in 
non-obstructive  cases,  they  disappear  Avith  careful  lavage. 
Two  cases  of  gastric  syphilis,  producing  similar  pyloric  blockage, 
have  given  me  a  precisely  similar  picture  on  gastric  analysis. 

Unfortunately  this  is  not  the  only  type  of  gastric  carcinoma, 
and  many  cases,  which  do  not  block  the  pylorus,  produce 
pictures  far  more  dilTicult  to  interpret. 

Amongst  these  are  cases  with  achylia  of  possibly  ha^mato- 
gcnous  origin,  others  with  a  secretion  in  no  way  differing  from 
the  normal,  others  with  an  abundant  secretion  of  mucus,  and 
others  whose  sole  abnormality  is  gastric  hurry  produced  appar- 
ently by  mechanical  stimulation  l\v  a  tumour  lying  in  the  fundus 
of  the  stomach. 

Diagnosis  in  such  cases  is  frequently  extremely  difTicult, 
and  I  have  found  that  the  most  useful  guide  is  usually  the 
character  of  the  resting-juice.  Very  frequently  traces  of  altered 
blood,  or  of  decomposing  food  renmants,  can  be  demonstrated 
in  this,  whereas  later  fractions  provide  nothing  of  diagnostic 
significance. 

I  hope  to  deal  further  with  these  problems  at  a  later  date. 

I  would  express  my  thanks  to  all  my  colleagues  on  the 
staff  of  the  Middlesex  Hospital  and  its  Medical  School  for  the 
facilities  they  have  given  me  for  making  these  observations ; 
and  especially  to  Dr.  E.  C.  Dodds  and  Professor  James  Mcintosh 
for  permission  to  reproduce  certain  observations  for  which  they 
are  solely  responsible.  The  greater  part  of  the  work  here 
described  has  been  performed  by  myself  and  Dr.  Dodds  in  the 
closest  collaboration,  in  the  Bland-Sutton  Institute  of  Pathology, 
and  the  Department  of  Physiology,  Middlesex  Hospital. 
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ADDISON'S   ANAEMIA 

A   STUDY   OF   SKVEXTY-FIVE   CASKS.    WITH   SOME 
REMARKS   OX  THE   PATHOLOGY 

i5y  J.  M.  H.  CAMPBELL,  M.D.,  Hilda  and  Ronald  Poulton  Research  Fellow, 
and  J.  J.  CONYBEARE,  M.]}.,  Astley  Cooper  Student,  Guy's  Hospital. 

Pernicious,  or,  as  wc  prefer  to  call  it,  Addison's  anaemia  is 
peculiarly  associated  with  Guy's  Hospital.  It  was  originally 
described  by  Addison  in  1855,^  and  from  that  time  until  1909 
all  cases  in  the  Hospital  have  been  recorded  in  the  Guy's 
Hospital  Ucports  by  Wilks,^  Taylor,^  Pye-Smith,'  Hale-White  ^ 
and  French.^ 

The  present  paper  is  an  attempt  to  complete  this  series  by 
analysing  the  cases  which  have  been  diagnosed  as  Addison's 
anaemia  from  1909  until  March  1922.  As  many  cases  as 
possible  have  been  followed  up  after  their  discharge  from 
hospital,  to  determine  if  the  prognosis  is  really  as  bad  as  the 
old  name  of  the  disease  woidd  imply. 

The  information  about  the  majority  of  the  cases  is  derived 
from  the  clinical  case  sheets.  Fortunately  the  value  of  the 
latter  is  enhanced  by  the  fact  that  blood  covmts  have  been 
done  not  onlv  by  the  ward  clerks,  ])ut  l)v  Dr.  Price  Jones, 
Mr.  P.  P.  Laidlaw,  Dr.  G.  W.  Nicholson  and  Dr.  Powell.  On 
the  whole  the  information  given  in  the  case  reports  as  to  history 
and  symptoms  has  been  satisfactory,  as  the  disease  has  tra- 
ditionally been  regarded  in  Guy's  Hospital  as  of  special  interest. 
A  few  eases,  where  the  notes  were  too  inadequate  to  be  of  any 
value,  have  been  omitted  from  our  figures.  Most  of  the  patients 
in  hospital  during  the  last  tAvo  years  of  this  series  have  been 
seen  by  one  or  both  of  the  writers. 

In  dealing  with  any  disease  such  as  Addison's  ana-mia,  in 
which  the  pathology  is  a  matter  of  dispute,  and  the  diagnosis 
cannot  be  determined  definitely  l)y  laboratory  or  even  post- 
mortem findings,  it  is  n:itnrally  difficnll  to  decide  on  wjiat 
principles  to  include  eases  as  genuine  exanijiies  of  the  <Msease. 
In  this  paper  we  have  included  all  cases  which  were  diagnosed 
definitely  by  the  physician  in  charge  as  .Vddison's  an;eniia, 
unless  su])se(|uent  findings  lia\-e  j)ro\e(l  tlieni  to  be  eertiiinK' 
some  other  disease. 
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Brief  details  of  tlie  present  scries  are  given  in  Appendix  A. 
Tables  I.,  II.  and  III.  consist  of  definite  cases  of  Addison's 
ana?mia.  Table  IV.  records  cases  of  antcmia  in  which  there  is 
some  doubt  as  to  the  diagnosis,  and  Table  V.  cases  which  are 
certainly  not  Addison's  anaemia,  but  arc  interesting  for  com- 
parison. In  Appendix  B  are  given  fuller  details  of  cases 
illustrating  special  points. 

The  cases  included  in  Appendix  A  as  definite  cases  of  the 
disease  are  seventy-five  in  number.  As  the  period  covered  is 
just  over  fourteen  years,  the  average  number  per  annum  is 
5--i.  In  French's  series  ^  he  found  sixty-eight  cases  in  Guy's 
Hospital  during  the  eighteen  years  from  1891  to  1908,  the 
average  number  per  annum  being  3-8.  If  we  go  back  still 
further  we  find  that  from  1855  to  1889  Hale-White  was  only 
able  to  find  records  of  thirty-one  cases,  which  gives  an  average 
of  little  over  one  case  a  year.  It  does  not  necessarily  follow 
that  the  disease  is  more  common  than  it  was  formerly.  As 
Osier  suggests,  it  is  probable  that  practitioners  are  more  alert 
than  in  the  past,  and  the  disease  is  better  known.  Moreover, 
statistics  in  any  particular  hospital  are  obviously  misleading, 
as  cases  tend  to  be  sent  to  hospitals  such  as  Guy's,  where  the 
disease  is  regarded  with  special  interest. 

No  attempt  is  made  to  analyse  the  present  series  with 
regard  to  the  symptoms  which  are  common  in  anaemia  due  to 
any  cause.  Such  symptoms  as  oedema  of  the  ankles,  muscular 
weakness,  dyspnoea  on  exertion,  headaches  and  palpitation, 
were  present  in  nearly  all  the  cases  and  will  not  be  further 
discussed.  Similarly  hajmic  bruits  were  present  in  most  cases 
and  are  not  of  any  real  significance  in  Addison's  anaemia. 

We  propose,  therefore,  to  discuss  in  detail  only  certain 
symptoms  and  signs  which  are  characteristic  of  the  disease, 
or  Avhich  may  throw  some  light  on  its  pathology.  The  par- 
ticular features  to  which  special  attention  is  directed  are  as 
follows  : 

1.  Age  and  sex  incidence. 

2.  Colour  of  skin. 

3.  Gastro-intestinal  symptoms,  including  achlorhydria  and 
lesions  of  the  tongue. 

4.  Neurological  symptoms. 

5.  Blood  pressure  and  pigmentation. 

6.  Durati(jn  of  the  disease  and  remissions. 

7.  The  changes  in  the  blood. 

8.  The  pathology  of  the  disease. 

9.  Treatment. 
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Age  and  Sex  Incidence 
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The  sex  incidence  of  the  present  series  is  compared  in 
Table  I.  with  that  in  French's  cases,^  with  Levine  and 
Ladd's  American  series,^"  and  with  Cabot's  ^^  very  large  series 
of  cases. 

TABLE  I. 


Total  number 
of  cases. 

Percentage 
males. 

Percentage 
females. 

Present  Guy's  series . 
Guy's  cases  1891-1908 
Levine  and  Ladd  (Boston) 
Cabot's  series  (collected  cases)  . 

75 

68 

143 

1157 

60 
54 
41 
62 

40 
46 

59 
38 

It  will  be  noted  that  our  figures  as  to  sex  incidence  agree 
very  closely  with  the  far  larger  series  of  Cabot,  and  are  in 
marked  contrast  to  the  figures  quoted  by  Levine  and  Ladd. 
Their  cases  in  which  an  autopsy  w^as  performed  show  a  per- 
centage of  fifty-five  males  to  forty-five  females,  which  suggests 
that  they  may  have  included  among  the  non-fatal  cases  types  of 
anaemia  which  would  not  be  diagnosed  here  as  Addison's  anaemia. 

As  regards  age  incidence  the  disease  is  essentially  one  of 
middle  life ;  nearly  70  per  cent,  of  our  cases  occurred  between 
thirty-five  and  sixty  years  of  age.  The  age  incidence  grouped 
in  decades  is  shown  separately  for  males  and  females  in  Table  II. 


TABLE   II. 

21-30. 

31-40. 

41-50. 

51-60. 

61-70. 

Males 
Females 

4 

7 

12 

5 

16 
11 

7 
7 

6 
0 

There  does  not  appear  to  be  a  very  marked  difference 
between  the  age  incidence  of  the  disease  in  males  and  females, 
except  that  in  the  latter  it  is  possibly  rather  commoner  below 
thirty  years  of  age,  whereas  in  males  the  disease  occurs  rather 
more  commonly  late  in  life. 

It  has  been  suggested  by  Hunter  ^^  that  Addison's  anaemia 
has  a  definite  seasonal  incidence.  With  a  disease  whose  onset 
is  so  insidious  it  is  naturally  diflicult  to  determine  exactly  in 
what  month  the  onset  occurred  in  any  particular  case.  Judging 
by  the  dates  at  which  patients  were  admitted  to  hospital  cither 
for  the  first  time  or  with  relapses,  there  does  not  appear  to  be 
any  evidence  of  seasonal  incidence.  Out  of  ninety-four 
admissions  forty-three  occurred  during  the  six  winter  months 
and  fifty-one  during  the  six  summer  months. 
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Colour  of  Skill 

or  \hc  sfventy-rivc  cases  no  less  IIkiu  sixty  were  noted  as 
lomon-Nt'llow  or  yellow  in  colour.  IVo  cases  were  said  to  be 
'*  greenish."  In  three  cases  there  was  no  note  in  the  report  as 
to  colour,  and  ten  cases  were  said  to  be  "  pale  "  or  "  sallow  " 
in  complexion.  One  case  (No.  8i)  which  showed  no  lemon- 
vcllow  colour  in  the  ward  subsequently  developed  it  when 
seen  bv  one  of  us  after  leavino-  the  hospital.  During  remissions 
the  yellow  colour  often  completely  disappears,  only  to  reappear 
on  the  patient  relapsing.  Four  cases  were  definitely  jaundiced 
(Nos.  9,  53,  8.3  and  90),  Ijut  in  all  of  these  cases  there  was 
definite  evidence,  either  clinical  or  post-mortem,  of  cholecystitis. 

The  ty})ical  lemon-yellow  colour  would  appear  to  be  one 
of  the  most  important  and  characteristic  symptoms  of  the 
disease,  and  it  is  probable  that  WTre  every  case  to  be  watched 
throughout  its  course  it  would  be  found  to  be  invariably  present. 

G astro-Intestinal  Symptoms 

In  any  attempt  to  estimate  the  frequency  of  the  occurrence 
of  gastro-intestinal  symptoms  in  Addison's  antcmia,  we  are 
faced  with  the  difficulty  of  deciding  to  what  extent  any  such 
symptoms  as  may  be  present  are  due  to  the  administration 
of  arsenic.  In  many  eases  patients  had  been  treated  with  the 
latter  before  their  admission  to  hospital,  and  unless  gastro- 
intestinal symptoms  were  the  first  to  appear  it  is  almost 
impossible  to  exclude  arsenic.  On  the  other  hand,  a  large 
number  of  the  cases  suffered  from  diarrhoea  and  vomiting, 
which  could  be  definitely  attributed  to  arsenic,  and  which  ceased 
on  stopping  its  administration.  In  going  through  the  present 
series  of  cases  we  have  endeavoured  only  to  take  account  of 
gastro-intestinal  symptoms  where  arsenic  did  not  appear  to 
be  a  factor. 

Of  the  seventy-five  cases  in  the  scries,  forty-nine,  or  65  per 
cent.,  suffered  from  gastro-intestinal  symptoms  of  one  kind  or 
another,  which  appeared  to  be  in  no  way  connected  with  arsenic. 
In  twenty-six  cases  (35  per  cent.)  the  gastro-intestinal  symptoms 
occurred  either  as  the  first  symptom  or  very  early  in  the  develop- 
ment of  the  disease.  Diarrha?a  was  noted  in  nineteen  cases 
(25  per  cent.).  Vomiting  occurred  in  thirty-six  eases  (47  per 
cent.).  In  twelve  cases  (16  per  cent.)  there  was  a  long  history 
of  dyspepsia  or  indigestion,  which  had  been  present  for  many 
years  before  the  onset  of  the  anjcmia.  In  twenty  cases  out  of 
the  seventy-five  it  was  definitely  stated  that  gastro-intestinal 
symptoms  were  not  present,  and  in  five  cases  no  information 
was  given  on  the  subject. 
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These  results  af]jrce  very  closely  Avitli  those  I'ouikI  hy  earlier 
Avorkcrs.  Hale-White  came  to  the  conehision  that  vomiting 
and  diarrhcca  occurred  in  about  half  the  cases,  and  French 
found  that  GG  per  cent,  had  gastro-intestinal  symptoms  of  some 
sort — almost  exactly  the  figure  found  in  the  present  series. 

Gastric  analysis. — Of  the  seventy-five  cases  in  the  present 
series  an  examination  of  the  gastric  contents  was  made  in 
twenty-five  cases.  The  more  recent  cases  had  a  fractional 
test-meal  performed,  while  the  earlier  cases  in  the  series  had 
the  Ewald  test-meal.  Twenty-four  cases  showed  complete 
absence  of  free  hydrochloric  acid.  One  case  (No.  93)  had  no 
test-meal  when  in  hospital  originall}',  but  when  seen  by  us 
seven  years  later  had  a  normal  acid  curve.  Her  haemoglobin 
at  this  time  was  84  per  cent.,  and  she  had  been  free  from  any 
symptoms  for  over  seven  years. 

In  the  cases  in  which  fractional  test-meals  were  performed 
the  emptying  time  as  judged  by  absence  of  starch  and  sugar 
was  unduly  rapid  in  three  cases,  normal  in  four  cases,  and 
showed  delay  in  one  case. 

Four  cases  were  examined  during  remissions  of  symptoms. 
In  No.  83  the  ha;moglobin  was  82  per  cent.,  in  No.  85  it  was 
70  per  cent.,  in  No.  86  it  was  80  per  cent.,  and  in  No.  91,  when 
she  had  been  four  years  without  any  symptoms,  it  was  82  per 
cent.,  at  the  time  when  the  test-meal  was  examined.  In  each 
case  the  gastric  contents  showed  complete  achlorhydria.  With 
the  exception  of  one  patient  (No.  93),  whose  gastric  contents 
were  examined  seven  years  after  her  discharge  from  hospital, 
all  the  cases  in  the  series  showed  complete  absence  of  free 
acid.  The  bearing  of  this  fact  on  the  pathology  of  the  disease 
is  discussed  later. 

Unfortunately  in  the  earlier  series  collected  by  French  only 
three  patients  had  their  gastric  contents  examined.  One  of 
these,  who  appears  to  have  been  a  typical  case  of  the  disease 
and  exhibited  typical  post-mortem  appearances,  is  noted  as 
having  an  "  alnmdance  of  free  hydrochloric  acid  "  in  the  gastric 
juice.  The  other  two  patients  both  ha<l  delicient  or  absent  acid. 
In  107  cases  of  Addison's  anaemia  quoted  by  Levine  and 
Ladd  where  test-meals  were  performed,  only  in  one  undoubted 
case  of  the  disease  was  free  acid  present. 

The  tongue. — In  nineteen  cases  out  of  tiie  seventy -live  in 
the  series  there  are  notes  as  to  the  condition  of  the  tt)nguc  and 
mucous  membrane  of  the  mouth. 

In  five  cases  the  tongue  was  definitely  stated  to  \)c  normal 
and  there  was  no  history  of  sore  tongue  or  mouth:  in  one  ease 
there  was  leukoplakia;    in  eight  cases  the  tongue  was  said  to 
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have  hocn  sore;  in  thnc  eases  there  uas  uleeratiou  ol"  the 
mueoiis  membrane  of  the  month ;  and  in  one  ease  the  tongue 
was  said  to  be  "  fissured." 

f'rom  the  above  particulars  it  would  appear  that  in  only 
fourteen  cases  out  of  seventy-five  was  there  any  condition  in 
the  mouth  severe  enough  to  be  noted  in  the  reports.  Naturally 
it  does  not  follow  from  this  that  none  of  the  other  sixty-one 
patients  suffered  from  glossitis,  but  were  the  condition  as 
invariable  as  Hunter  maintains,  it  is  a  remarkable  fact  that 
it  should  have  been  overlooked  so  frequently. 

Neurological  Symptoms 

In  tlie  consideration  of  neurological  symptoms  and  signs, 
just  as  in  the  case  of  the  gastro-intestinal  symptoms,  there  is 
often  a  difficulty  in  deciding  whether  arsenic  is  responsible, 
or  whether  the  cases  are  true  examples  of  degeneration  in  the 
spinal  cord.  Here  again  we  have  attempted  to  exclude  all 
cases  in  which  arsenic  might  have  played  a  part. 

In  fourteen  cases  out  of  the  seventy-five  definite  signs  and 
symptoms  of  cord  lesions  appeared  to  be  present.  Of  the 
fourteen  cases  eight  showed  signs  of  a  combined  lesion  both  of 
lateral  and  posterior  columns,  four  were  of  a  spastic  type  with 
exaggerated  knee  jerks  and  extensor  plantar  reflexes,  and  two 
were  of  a  tabetic  type.  In  only  one  (No.  13)  could  any  record 
of  a  histological  examination  of  the  cord  be  traced,  and  these 
sections  showed  typical  degeneration  in  both  lateral  and 
posterior  columns. 

The  percentage  of  cases  with  neurological  signs  is  18.  This 
figure  is  low  compared  with  that  found  l)y  French,  who  states 
that  Go  per  cent,  showed  signs  or  symptoms  of  nervous  disorder. 
On  examining  his  case  reports,  it  would  appear  that  he  included 
many  cases,  whose  symptoms  were  purely  subjective,  such  as 
buzzing  noises  in  the  ears,  giddiness  and  headaches,  which  may 
well  have  been  due  to  the  anaemia,  rather  than  any  organic 
nervous  lesion.  In  his  series  French  appears  to  have  had  only 
six  cases  with  definite  signs  of  subacute  combined  degenera- 
tion (9  per  cent.);  but  there  were  five  others  with  very  sugges- 
tive symptoms.  In  the  series  quoted  by  Cabot  10  per  cent, 
showed  signs  of  degeneration  of  the  eortl,  cither  of  the  spastic 
or  tabetic  type. 

In  a  recent  scries  from  the  Mayo  Clinic,  Woltmann  ^^  stated 
that  after  a  careful  routine  examination  of  the  nervous  system, 
it  was  found  to  lie  affected  in  80  per  cent.  But  only  26  per 
cent,  had  an  extensor  plantar  reflex,  and  knee  jerks  and  ankle 
jerks  were  absent  in  7  and  21  per  cent,  respectively.     Romberg's 
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sio'ii  ^vas  j)rc'S(iit  in  over  .50  j)tr  criit.,  hut  in  a  jjatient  witli  severe 
anaemia  this  caimot  he  taken  as  diagnostic  of  nervous  disease. 

It  lias  long  l)een  recoonise<l  that  the  nenrologieal  signs  and 
symptoms  of  suhaciite  comhined  degenerati(jn  may  anteeede 
the  ana'mia,  and  in  one  case  (No.  85)  the  patient  first  came  imdcr 
oljservation  for  difTieulty  in  walking  and  ataxia.  Though  the 
blood  film  has  shown  changes  very  typical  of  Addison's  anxMiiia, 
the  degree  of  antemia  has  never  been  very  severe.  Another 
case,  not  included  in  the  series,  has  recently  come  under  our 
observation  with  typical  signs  of  subacute  combined  degenera- 
tion, but  with  no  appreciable  anaemia,  and  no  i)lood  changes  sug- 
gestive of  Addison's  anaemia.  In  the  latter  case  it  is  interesting 
to  note  that  the  gastric  contents  show  complete  achlorhydria. 

Pigmentation  in  Addiso)i\s-  Aiurinia 
The  occurrence  of  pigmentation  both  in  the  skin  and  in 
the  buccal  mucosa  has  been  described  by  Hale-White  and  later 
by  French.  Among  the  sixty-eight  cases  analysed  by  the 
latter,  pigmentation  of  the  skin  was  present  in  twelve  and 
pigmentation  in  the  mouth  in  two  cases.  Here  again  we  are 
faced  with  the  old  diiliculty  of  deciding  how  far  arsenic  is 
responsible.  In  the  present  series  of  cases  sixteen,  or  21  per 
cent.,  showed  pigmentation.  Of  these,  seven  presented  some 
symptoms  of  arsenical  poisoning,  and  quite  possibly  their 
pigmentation  may  have  been  due  to  this  cause.  In  the  remain- 
ing nine,  if  arsenic  was  responsible,  there  was  no  evidence  of 
other  arsenical  symptoms,  such  as  gastro-intestinal  disturb- 
ances or  peripheral  neuritis. 

In  four  cases  there  were  patches  of  brown  or  black  pig- 
ment in  the  mucous  membrane  of  mouth  or  lips.  One  of  these 
is  remarkable  as  having  been  diagnosed  as  Addison's  disease 
(see  Appendix  15,  Xo.  .*35).  A  very  similar  ease  has  come 
under  the  notice  of  the  writers,  but  for  lack  of  definite  evidence 
as  to  the  diagnosis  he  has  been  included  among  the  doubtful 
cases  (Appendix  A,  No.  89).  The  patient  is  a  man  aged  forty- 
two,  with  a  history  of  muscular  weakness  and  \omiting  over  a 
period  of  two  years.  When  first  seen  his  blootl  jjressure  was 
120  mm.,  but  later  dropped  as  low  as  80  mm.  On  admission 
he  was  pigmented  all  over,  but  particularly  in  the  axilhe.  groins 
and  perineum.  There  were  a  few  small  spots  of  brown  ])ignu'nt 
on  the  gums  where  his  dentures  exerted  pressure.  The  skin  round 
the  anus  was  pigmented.  When  first  seen  he  was  regarded  as  suf- 
fering from  Addison's  disease,  but  while  in  hospital  he  developed 
a  severe  ana-mia  of  the  Addisonian  type  with  luvmoglobin  down 
to  27  per  cent.  After  blood  transfusion  he  improved,  and  when 
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last  seen  Avas  not  niarkeilly  anaMnie.  The  spleen  was  easily 
])alpal)le,  the  liver  enlarged,  and  his  gastric  contents  have 
slu)^vn  achlorhydria  on  three  occasions.  While  in  hospital 
a  suprarenal  graft  from  a  foetus  was  inserted  into  his  testicle. ^^ 

These  tAvo  cases  illustrate  lunv  dillieidt  the  differential 
diagnosis  hetAveen  Addison's  disease  and  Addison's  anaemia 
may  be.  It  Avould  appear  quite  definitely  that  the  presence  of 
l)ueeal  pigmentation  occurs  in  a  small  jjcrcentage  of  cases  of 
Addison's  anaemia,  Avhilc  pigmentation  of  the  skin  is  relatively 
common.  A  low  blood  pressure  is  of  no  value  in  the  diagnosis 
between  the  two  conditions,  as  it  may  be  very  low  in  Addison's 
anaemia.  Of  seven  cases  examined  by  one  of  us  (J.  J.  C), 
the  systolic  pressures  were  below  100  mm.  of  mercury  in  five, 
and  above  that  figure  in  two.  The  lowest  pressure  was 
70  mm.  and  the  highest  135  mm.  In  A<ldison's  anaemia,  as 
indeed  in  any  severe  anaemia,  the  blood  pressure  falls  to  a  point 
quite  as  low  as  in  many  cases  of  Addison's  disease.  During 
remissions  of  the  anaemia,  when  the  patient  is  up  and  about,  it 
may  rise  again  to  approximately  normal. 

It  has  been  suggested  recently  *  that  white  hair  is  an  almost 
constant  feature  of  Addison's  anaemia.  At  first  we  were  rather 
impressed  by  this,  but  later  saw  several  typical  cases  without 
it,  and  on  reviewing  the  cases  as  a  whole  and  remembering  the 
age  incidence,  we  do  not  think  there  is  any  evidence  that  it  is 
specially  common. 

Duration   of  St/tnptonis 
Of  the  seventy-five   cases  in  the  series,   forty-three  either 
died  in  the   hospital  or  were   ascertained    to   have    died   sub- 
sequently.    The   duration   of  symptoms   from   the   commence- 
ment of  the  disease  to  death  (or  to  March  1922)  is  shown  in 

Table  III. 

TABLE  III. 


Of  43  cases 
wlio  died. 

Of  cases  still 
alive. 

Under  1  year    .... 

5 

1 

1  to  2  years       .... 

15 

3 

2  to  3  years       .... 

12 

3 

.3  to  4  years       .... 

.5 

1 

4  to  5  years      .... 

1 

1 

5  to  6  years      .... 

2 

1 

Above  6  years  .... 

3 

3 
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111  one  patient,  who  is  still  alive  (Xo.  83),  symptoms  have 
been  present  for  over  nine  years,  and  during  the  course  of  the 
disease  there  have  been  several  remissions  during  Avhicli  the 
patient  has  been  able  tt)  return  to  Avork.  The  ease  is  in  every 
way  typical  of  Addison's  aiueniia,  except  that  there  is  clinical 
evidence  of  cholecystitis  and  nephritis  in  addition  to  the 
anaemia. 

No  attempt  has  been  ma<le  to  analyse  the  number  and 
duration  of  remissions,  as  the  subject  has  already  been  fully 
dealt  with  by  Hunter  and  by  Cal)ot.  Except  for  a  c(ini- 
paratively  small  proportion  of  acute  cases,  most  of  the  patients 
showed  evidence  of  either  partial  or  complete  remissions  of 
their  anaemia. 

Changes  in  the  Blood 

The  condition  of  the  blood  in  Addison's  anaemia  has  been 
studied  very  fully,  but  there  are  some  points  to  which  it  is  worth 
while  drawing  attention.  The  undoubted  fact  that  some  cases, 
which  are  ultimately  proved  to  be  Addison's  ana?mia,  have  on 
one  or  more  occasions  shown  blood  changes  not  characteristic 
of  that  condition,  has  led  some  observers  to  minimise  their 
importance.  No.  87  on  admission  had  a  haemoglobin  percentage 
of  20  with  a  colour-index  of  0-6,  slight  anisocytosis  and  only  a 
few  nucleated  red  cells.  The  white  count  was  9000.  From 
this  blood  examination  alone  it  would  have  been  difficult  to 
reach  any  conclusion,  though  a  history  of  vomiting,  a  palpable 
spleen  and  an  extensor  plantar  reflex  made  the  diagnosis 
certain.  Five  months  later  he  was  seen  during  a  period  of 
lia^molysis.  He  was  lemon-yellow  with  a  ha?moglobin  percent- 
age of  27  (it  had  certainly  risen  to  60  and  perhaps  higher 
in  the  interval)  and  a  colour-index  of  1-3.  There  Avas  marked 
aniso-  and  poikilo-cytosis,  Avith  punctate  basophilia,  Mcgalo- 
blasts  were  present  and  the  white  cells  had  fallen  to  5000, 

No.  88  had  a  typical  blood  film,  but  a  colour-index  of  0-5, 
with  10,000  white  cells.  Tavo  months  later  repeated  counts 
gave  a  ct)lour-index  of  over  1-1  and  a  Avhite  count  of  3000. 

It  is  certainly  true  that  a  single  blood  count  may  be  mis- 
leading, but  in  all  cases  observed  over  any  length  of  time  a 
study  of  the  blood  alone,  or  of  the  clinical  findings  alone,  Avould 
be  suflicient  to  lead  to  i^e  correct  diagnosis. 

The  Colour-indei\ — The  A'alue  of  the  raised  colour-index  in 
diagnosis  lias  been  especially  called  in  questitm.  If  a  colour- 
index  of  above  or  beloAV  unity  is  the  only  criterion,  a  low  colour- 
index  is  certainly  not  against  a  diagnosis  of  Addison's  anicmia, 
for  in   French's  series  of  nearlv   100   blood   counts   the  colour- 
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iiuKx  ^vas  ;il)o\"c  one  t)iily  in  GO  per  cent.,  and  in  this  scries  in 
71  ])er  cent,  ol'  tlic  cases. 

Hut  oAvino'  to  the  ri<>ure  arbitrarily  chosen  for  the  hjrmo- 
iflobin  stantlard,  many  healthy  persons  jiave  a  colour-index  of 
0-0  or  0-8,  and  if  this  be  accepted  a  subnormal  colour-index 
is  rare  in  Addison's  anamiia. 

The  I'ollowino'  table  shows  the  colour-index  found  in  200 
more  or  less  comjilete  blood  counts  in  this  series,  and  in  the 
tirst  hundred  ])lood  counts  oiven  in  French's  scries. 


TABLE 

IV. 

Colour- index. 

U-5-0-(i. 

()-7-0-9. 

1-0-1 -2. 

1-3-1-5. 

IG  and 
above. 

Percentage  of  cases  of  : — 
(fl)  this  series 
(b)  French's  series  . 

5 

7 

24 
29 

39 
39 

23 
12 

9 

13 

The  agreement  is  sufficiently  close  to  show  that  the  figures 
are  accurate.  In  only  one  case  in  this  series  was  there  a  reliable 
blood  count  with  a  colour-index  of  O-o. 

A  further  point  is  observed  in  the  diagram  (Fig.  1).  The 
colour-index  is  plotted  against  the  haemoglobin  percentage  in 
cases  of  Addison's  anaemia  (marked  with  a  dot),  and  in  cases  of 
chlorosis  and  secondary  anaemias  from  tlic  reports  of  the  same 
period  (marked  with  a  cross).  These  are  indicated  by  the  same 
sign,  because  the  original  chart  did  not  show  that  the  colour- 
inde:>f  was  any  lower  in  chlorosis  than  in  other  secondary 
an  le  mi  as. 

The  striking  point  is  that  in  secondary  anaemia  the  colour- 
index  tends  to  fall  with  the  haemoglobin  percentage,  while  in 
Addison's  anaemia  it  tends  to  become  more  variable.  There  is 
very  little  overlapping  of  the  two  groups.  A  colour-index  of 
under  0-7  over  a  long  period  is  never  found  in  Addison's  anaemia, 
but  a  colour-index  between  this  figure  and  unity  is  almost  as 
common  as  one  between  unity  and  1-2,  and  quite  as  common 
as  one  between  1-3  and  16. 

Changes  in  size  and  shape  of  the  red  cells. — The  otlicr  point  in 
the  blood  examination  which  seems  to  be  of  special  importance 
because  of  its  constancy  is  the  presence  of  marked  aniso-  and 
poikilo-cytosis. 

Of  the  seventy-two  cases  in  which  a  blood  film  was  available, 
only  two  were  stated  to  have  slight  aniso-  without  poikilo- 
cytosis,  and  only  six  to  have  moderate  poikilo-cytosis  without 
any    reference    to    aniso-cytosis.     In    practically    every    case 
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marked    aiiiso-   and  jJoikilo-cytDsis  was    present  at  some  stage 
of  the  disease. 

The  size  of  the  red  cells  is  so  variable  that  it  is  not  easy  to 
form  a  correct  estimate  of  the  average  size  of  the  corpuscles, 
but  very  careful  counts  by  Price  Jones"  have  shown  that  the 
average  size  of  the  corpuscles  is  inei'eased  from  7-2yu,  to  S-'2/x. 
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Fid.   1. 
Showing  the  relationship  between  haemoglobin  percentage  and  colour-index. 

.  blood  counts  in  cases  of  Addison's  ana}mia. 

X    blood  counts  in  cases  of  chlorosis  and  secondary  anaemias. 

Capps,*^  using  a  less  accurate  method,  found  many  years  ago 
that  the  average  size  was  increased  from  7-6/i.  to  8-OyLt. 

Another  method  of  investigating  the  size  of  the  red  cells  is 
available,  if  simidtaneous  determinations  aic  made  of  the 
ha-inoglobin  percentage,  red  cell  count  and  the  ratio  of  the 
volume  of  red  cells  to  the  volume  of  the  whole  blood.  This 
method  has  recently  been  fully  ilcscribed  by  one  of  us 
(J.  M.  II.  C),^  but  a  summary  is  added  here. 
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\\'iu)us  blood  is  Avitlulrawn  "svitli  a  syriii*^t',  aiul  is  at  once 
mixed  Avith  crystals  of  potassium  oxalate,  sufficient  to  give  an 
0-5  per  cent,  solution  of  potassium  oxalate.  This  prevents 
clotting  and  does  not  interfere  Avitli  the  subsequent  determina- 
tions. This  method  has  been  used  for  most  of  the  blood  counts 
Ave  have  done,  as  well  as  for  the  hiematoerit  determinations.  It 
has  been  found  very  convenient,  especially  as  the  Avhole  blood 
count  need  not  l)e  finished  immediately,  and  there  is  always 
enough  blood  for  duplicate  determinations.  With  blood 
obtained  by  pricking  the  linger,  it  was  impossible  to  get  a  constant 
percentage  of  potassium  oxalate,  so  this  method  was  not  used 
for  any  lurmatocrit  determinations. 

The  lucmoglobin  jjcrcentagc  was  i'ound  with  a  specially 
standardised  Haldane-Gow^ers  hacmoglobinomctcr. 

The  red  blood  corpuscles  were  counted  with  a  Biirker-Zeiss 
luemocytomcter,  and  at  least  two  thousand  were  coimted  in 
each  case.  To  find  the  relative  volume  of  the  red  cells  and  whole 
blood  the  following  method  was  used.  Glass  tubing  was  drawn 
out  to  capillary  bore.  Any  part  with  obvious  change  of  diameter 
was  thrown  away  and  the  remainder  cut  up  into  caj)illary  tubes 
of  the  re(piired  length.  The  blood  was  Avell  mixed  and  six  tubes 
were  dipped  in  it,  until  the  bhxxl  had  risen  almost  to  the  top. 
The  top  was  then  scaled  off  in  a  flame,  care  being  taken  that  the 
blood  itself  was  not  burnt.  The  six  tubes  were  then  rotated  for 
fifteen  minutes  in  a  centrifuge,  as  this  time  was  found  sufficient 
to  give  constant  results.  Six  tubes  were  always  used  and  an 
average  taken,  so  that  any  error  of  technique  might  be  minimised. 
The  .lengths  of  the  columns  of  corpuscles  and  of  wdiolc  blood 
were  then  measured.  In  normal  blood  the  corpuscles  were 
found  to  occupy  40  per  cent,  of  the  total.  In  the  blood  of  various 
anaemias  the  relativ^e  volume  occupied  by  the  corpuscles  was 
expressed  as  a  percentage  of  th5  normal  figure  (40  per  cent.),  so 
that  comparisons  could  be  made  directly  between  the  hjcmo- 
glo})in  percentage,  the  red  cell  count  percentage  and  the  red 
cell  volume  percentage.  From  these  three  figures  the  "  colour- 
index  "  and  "  volume-index  "  were  obtained  by  dividing  the 
lucmoglobin  and  the  red  cell  volume  by  the  red  cell  count,  all 
})cing  expressed  as  ])crcentages.  The  volume-index  gives  a 
guide  to  the  relative  size  of  the  average  red  cell,  and  as  it  was 
found  that  over  very  wide  variations  of  Imcmoglobin  percentage 
and  col()nr-in<lex  there  was  only  a  slight  difference  between  the 
volume-index  and  the  colour-index,  it  follows  that  the  colour- 
index  is  a  rough  guide  to  the  si/e  of  the  average  red  cell.  If  the 
ratio  of  colour-index  to  volume-index  was  quite  constant,  it 
would    mean    that    the    proportion    of    haemoglobin    in    every 
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corpuscle  was  tlic  same  and  tliat  the  amount  of  lucmoglobiii  in 
the  corpuscle  depended  only  on  its  si/e.  This  was  almost  but 
not  quite  true. 

Complete  results  were  ol)taiiU'd  in  eight  cases  of  Addison's 
anaemia.  The  average  red  cell  percentage  was  29  and  varied 
between  12  and  50.  The  average  lucmoglobin  percentage  was 
34  and  varied  between  IC  and  65.  The  average  percentage 
volume  of  the  red  cells  was  10,  i.  c.  tl  })er  cent,  of  the  normal 
figure.  The  average  colour-index  and  volume-index  were  l-2t 
and  i;30. 

In  these  eight  cases,  where  the  haemoglobin  was  reduced  nearly 
70  per  cent.,  the  size  of  the  average  red  cell  was  increased  nearly 
40  per  cent.,  in  spite  of  the  presence  of  numerous  mierocytes. 
From  this  the  increase  in  diameter  can  be  calculated,  and  is 
found  to  agree  fairly  closely  with  the  direct  measurements 
already  quoted. 

A  lucmatocrit  determination  may  sometimes  be  of  lull)  in 
diagnosis,  because,  although  the  changes  in  vohunc-index  and 
colour-index  are  generally  parallel,  in  any  ])articular  case  the 
volume-index  may  be  increased  more  than  the  colour-index. 

One  can  conclude  that  there  is  little  or  no  change  in  the 
concentration  of  ha?moglol)in  in  the  corpuscle  in  Addisoii's 
anaemia.  The  increased  colour-index  is  amply  explained  by 
the  increased  average  size  of  the  red  corpuscle,  and  this  increased 
average  size  is  of  even  greater  importance  than  the  aniso-cytosis. 

Other  changes  in  the  red  cells. — Other  changes  in  the  blood 
film  arc  less  constantly  present.  For  example,  in  the  sixty- 
eight  cases  in  which  information  was  availal)le  nucleated  red 
cells  were  present  in  fifty-eight  and  absent  in  ten,  while  megalo- 
blasts  were  only  present  in  twenty-nine  and  were -absent  in 
twenty-one.  Perhaps  if  the  cases  had  been  examine*!  suflieicntly 
frequently  normoblasts  and  megaloblasts  would  have  l)een 
found  in  all  at  some  time  in  the  course  of  the  disease. 

But  from  the  practical  point  of  view,  though  the  presence 
of  megaloblasts  in  an  adult  with  anainia  is  a  strong  argument  in 
favour  of  the  anaemia  l)eing  Addisonian,  the  absence  of  megalo- 
blasts and  even  of  nucleated  red  cells  is  no  argument  to  the 
contrary. 

The  same  may  be  said  of  polychromasia  and  punctate 
basophilia.  One  or  both  were  present  in  thirty-nine  cases,  but 
both  were  absent  in  six  castas,  where  a  eai-eful  examination  was 
made. 

Changes  in  the  :^'}n1e  erUs.  Taking  .")()()()  7000  jxr  c.nun. 
as  the  normal  limits  ol"  the  white  cell  count,  fourteen  eases  were 
normal.      Kitilit   eases  had  an   increased   white  count,    but    this 
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^vas  ncNcr  abov(>  10. 000,  and  forty-six  ('as(^s  had  a  (lelinito 
leuo(»]H>nia    -twi'nty  of  these  l)cinp  uiuUt  .*3000. 

A  relative  lyiuphoeytosis  "was  a  strikiiio-  feature  of  some  cases, 
and  the  meaning  of  this  is  made  clearer  if  the  nund)er  of  poly- 
morphonuclear cells  an<l  lyini)h()eytes  per  c.mm.  is  calculated. 
Taking  1200  2 iOO  pvv  e.nun.  as  the  normal  limits  of  variation 
for  the  lymphocytes,  thirty-tAvo  cases  fell  within  normal  limits: 
in  fifteen  tlie  Avhite  cells  "vvere  reduced,  and  in  four  only  were 
they  increased.  Taking  3000  5000  ])er  c.nnn.  as  the  normal 
limits  for  the  polymor])honuelear  cells,  only  three  showed  an 
increase,  Avhile  thirty  showed  a  diminution,  and  often  a  very 
considerable  diminution,  and  eighteen  Avere  within  normal 
limits,  though  ten  of  these  were  very  near  the  lower  limit. 

Seven  cases  showed  a  percentage  of  eosinophil  cells  above 
5  per  cent.  In  one  of  these  it  was  constantly  present  and 
varied  between  9  and  20  per  cent.  Ihit  most  of  these  seven 
had  leucopenia  and  only  three  showed  an  actual  increase  of 
eosinophil  cells,  and  in  none  of  these  three  was  it  more  than 
twice  the  normal  figure. 

More  shortly,  70  per  cent  of  cases  showed  leucopenia,  20  per 
cent,  a  normal,  and  10  per  cent,  a  slightly  increased  white 
count.  In  nearly  65  per  cent,  the  number  of  lymphocytes  was 
normal,  and  in  30  per  cent,  it  Avas  somewhat  reduced.  In 
60  per  cent,  the  number  of  polymorphonuclear  cells  was  reduced 
— sometimes  very  considerably — and  in  a  lurther  20  per  cent,  it 
Avas  near  the  loAver  limits  of  the  normal  range  of  variation. 

Changes  in  fragility  of  the  red  corpuscles. — McNeal,^^  using 
solutions  of  NaCl  of  various  strengths,  found  that  the  fragility 
of  the  red  cells  in  Addison's  anaemia  was  shghtly  increased,  but 
A'cry  nearly  normal.  Giffen  and  Sanford  --  found  the  fragility 
slightly  diminished. 

Using  the  same  method  in  some  cases  of  this  series,  Ryffel 
found  the  fragility  slightly  increased  in  No.  29  and  normal  in 
No.  83,  and  we  found  it  normal  in  Nos.  85,  93  and  95  and 
slightly  diminished  in  Nos.  86  and  90. 

One  can  conclude  that  Avith  this  method  there  is  little  if 
any  change  in  Addison's  anjemia.  Using  saponin  to  produce 
haemolysis,  Bigland  ^"  found  there  was  a  slight  increase,  and 
McNeal  ^^  found  a  rather  greater  increase  in  the  fragility. 

The  test  is  only  of  importance  in  helping  to  exclude  cases  of 
acholuric  jaundice,  wliieh  might  sometimes  be  confused  with 
Addison's  ana-mia.  There  was  one  such  patient  in  this  series, 
who  had  been  in  hospital  in  1895  and  again  in  1909,  before 
this  test  had  been  introduced.  He  is  still  alive  and  is  a  well- 
marked  case  of  acholuric  jaundice. 
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The  cIotti)if>  iinic. — Using  the  method  ol"  Dale  and  LakUaw,-^ 
Ryffcl  -^  found  that  the  clotting  time  was  increased,  e.  g. 
No.  36,  2'  24",  No.  43,  2'  19"  and  No.  83,  2'  18",  the  normal 
figures  varying  between  1'  40"  and  1'  50". 

In  Nos.  129  and  128,  which  are  not  included  as  definite  cases 
of  Addison's  anaemia,  it  was  slightly  increased,  to  2'  0"  and  2'  5" 
respectively.  We  found  it  definitely  increased  in  three — in 
No.  83,  2'  25",  in  No.  80,  2'  10",  and  in  Xo.  90,  2'  20". 

Wassermann  reaction. — This  was  only  done  in  a  few  cases, 
except  those  which  have  recently  l)een  in  hospital.  It  was 
negative  in  ten.  It  was  positive  in  No.  20,  which  was  a  typical 
case  with  no  clinical  evidence  of  syphilis,  and  in  No.  104,  which 
had  clinical  evidence  of  syphilis  and  Avas  not  included  as  a  case 
of  Addison's  anaemia. 

No.  110  had  a  strongly  positive  Wassermami  Avith  no  clinical 
evidence  of  syphilis,  but  six  months  later,  without  very  thorough 
anti-syphilitic  treatment,  she  had  a  negative  Wassermann.  She 
has  not  been  included  as  a  definite  case  of  Addison's  anaemia 
because  her  blood  count  and  the  course  of  the  disease  were  not 
characteristic. 

Like  others,  we  have  not  found  any  evidence   that  syphilis  is 
a  factor  in  the  etiology  of  Addison's  auicmia. 

Pathology 

There  are  three  Avays  in  which  a  severe  aii<l  chronic  ana-mia 
may  arise,  and  at  different  times  Addison's  ana-niia  has  been 
attributed  to  all  these  causes. 

(«)  Loss  of  blood  by  hemorrhage. — This  Avas  excluded  in 
Addison's  original  dcscrij)tion.  Tlu'cc  cases,  Avhich  were  diag- 
nosed as  Addison's  anaemia,  proved  to  be  anaMuic  from  long- 
continued  loss  of  blood  from  hgemorrhoids,  and  it  is  interesting 
to  compare  theii"  blood  jjictiirc  and  clinical  condition  \\itli  the 
true  cases. 

No.  Ill  had  ha'inorrhoids  for  seventeen  years  and  liiially 
dcA'cloped  a  severe  aniemia.  The  tliagnosis  of  Addison's 
anaimia  should  liaA'c  been  made  Avitli  great  reserve,  because 
his  Avhite  count  was  11,000  and  he  never  shoAved  a  Icmon-ytllow 
colour.  His  symptoms  and  ana^nia  Avere  ciu'cd  by  oj)eration, 
and  three  years  later  he  Avas  })erfectly  Avell.  His  ha-mogiobin 
Avent  doAvn  to  35  })er  cent.,  and  he  had  aiiiso-  and  |)oikilo- 
cytosis  and  micleated  red  cells  in  his  blood  lilni. 

Xo.  112  Avas  alive  and  (airly  well  lil'teen  years  aflcr  lu  r  tirst 
admission  to  hospita.1.  She  had  i)cen  seen  at  intcrxals  ;ill  the 
time  and  had  ahva\s  been  anaiuie,  hut  only  on  one  occasion 
Avas  a  diagnosis  of  Addison's  aniemia  made.     Her  colour-intlex 


280  ADDISON'S   AN.E:\IIA 

Avas  ot'iurnlly  low.  and  oner  only  0-  !•.  Two  nnclcatcMl  rod  (-(^Us 
only  Avere  soon  on  one  occasion,  and  the  only  time  that  aniso- 
cvtosis  was  i'onnd  the  majority  of  the  cells  Ave  re  oC  small  size. 

No.  lie  novor  had  a  yellow  colour  and  had  only  very  shght 
chiuiges  in  his  rod  cells.  lie  was  in  perfect  health  eijrht  years 
after  he  had  been  in  hospital,  and  said  that  he  had  then  lost 
much  more  blood  from  haemorrhoids  than  at  any  other  time. 
A  test-meal  while  his  lurmo^lobin  was  40  per  cent.  shoAved 
hypoehlorhydria,  but  the  gastric  contents  were  acid  to  di- 
methyl. 

In  the  other  two  there  was  vmfortunately  no  record  of  a 
test-meal. 

Haemorrhoids  had  boon  ])rosont  i'or  long  periods  in  three 
others  (26,  59  and  (U),  but  they  appeared  typical  cases  of 
Addison's  anaemia,  and  in  one  an  operation  for  haemorrhoids 
did  not  produce  any  general  improvement. 

The  tendency  to  haemorrhages  terminally  has  long  been 
recognised  and  was  found  in  nineteen  cases  in  this  series.  In 
four  of  these  the  haemorrhage  seemed  to  be  an  earlier  and  more 
important  factor.  No.  2  (see  Appen(hx)  started  with  severe 
blooding  from  the  gums,  and  had  severe  uterine  lucmorrhage  dur- 
ing her  illness,  but  post-mortem  there  were  typical  appearances 
of  Addison's  anaemia.  No.  32  started  with  severe  bleeding  from 
the  nose,  which  recurred  frequently  through  his  illness,  but 
the  typical  blood  count  and  the  remissions  until  his  death 
in  the  influenza  epidemic  five  years  later  seemed  to  confirm  the 
diagnosis.  Nos.  37  and  92  had  similar  symptoms  throughout 
their  illness. 

No.  113  (see  Appendix)  suggested  a  possible  association 
of  nephritis  and  ha'maturia  with  Addison's  anaemia.  He  had 
a  yellow  colour,  several  remissions,  typical  blood  changes,  and 
a  Prussian  blue  reaction  in  the  kidneys  after  death.  But 
the  other  post-mortem  changes  and  the  normal  test-meal  during 
life  have  prevented  his  inclusion  as  definite  Addison's  anaemia. 

In  Nos.  68,  83  and  88,  who  had  chronic  nephritis  (in  one 
with  severe  and  continued  haematuria),  this  condition  seemed 
to  be  secondary  to  the  anaemia  and  not  the  cause. 

Gulland  ^*  described  some  anoiiialous  cases  of  Addison's 
anaemia,  three  of  which  were  associated  with  chronic  renal 
disease.  In  two  of  these  there  was  a  considerable  leucocytosis, 
which  makes  the  real  diagnosis  very  d()nl)tful  in  the  absence 
of  post-mortem  confirmation.  No.  113  had  loueopenia  through- 
out. 

"While  Avriting  this  paper  three  cases  of  chronic  nephritis 
with  severe  anaemia  were  seen,  but  in  none  of  these  were  the 
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blood  pictures  or  the  other  ehiueal  liiKliuojs  in  any  way  character- 
istic of  Addison's  anaemia,  except  that  in  two  of  them  the 
colour-index  was  higher  than  in  other  secondary  anaemias. 

There  is  no  evidence  that  loss  of  blood,  even  over  long  periods, 
can  produce  the  1)1()()(1  picture  or  clinical  features  of  Addison's 
anaemia. 

(b)  Deficient  blood  Jonimtio)!. — A  faihnc  in  the  output  of 
red  cells  has  been  excluded  as  the  cause  of  Addison's  antcmia 
bv  Pepper's  discovery  that  the  bone  marroAV  w'as  red  and  con- 
tained active  regenerating  tissue. ^^  But  the  theory  has  been 
revived  in  another  form — that  the  l)one  marrow  produces 
abnormal  red  cells,  which  are  easily  destroyed  in  the  body. 
This  Avould  account  for  the  increased  destruction  of  red  cells, 
which  is  the  most  essential  point  yet  discovered  in  the  pathology 
of  Addison's  anaemia.  The  strongest  argument  against  this 
view,  and  in  favour  of  the  third  possibilit}^  is  the  close  resem- 
blance betAvcen  Addison's  an^rmia  and  the  anaemias  produced 
by  infection  with  Bothriocephalus  latus,  and  experimentally 
by  poisoning.     These  are  discussed  in  more  detail  later. 

Ajilastic  anaemia,  Avhcre  the  bone  marrow  is  normal,  other 
things  being  characteristic  of  Addison's  anaemia,  is  also  against 
the  importance  of  the  bone  marrow  as  the  primary  factor. 
Nos.  7,  28  and  perhaps  101  were  examples  of  this. 

(c)  Increased  blood  destruction. — The  arguments  in  favour  of 
this  are  clear  and  conclusive.  The  increased  deposit  of  iron 
in  the  liver,  spleen  and  kidneys  is  the  most  important.-^  This 
occurs  sometimes  in  other  diseases,  e.  g.  in  some  cases  of  lym- 
])hatic  leukaemia  and  Hodgkin's  disease,  and  in  general  infections 
where  there  is  a  rapid  destruction  of  red  cells.  Hut  it  is  con- 
stantly present  in  Addison's  anaemia. 

In  this  series  there  were  twenty-two  cases  in  which  an 
autopsy  was  performed,  and  the  Prussian  blue  reaction  was 
found  to  be  positive  in  the  liver  in  twenty-one,  in  the  spleen 
in  fourteen,  and  in  the  kidneys  in  sixteen.  In  the  others, 
not  included  as  Addison's  antcmia,  it  was  present  in  the  liver 
in  four  cases — two  of  leukan;rmia  (114  and  118),  one  of  myx- 
(cdcma  with  anaemia  (115),  and  one  of  scpticjcmia  (117).  In 
the  latter  the  reaction  was  also  positive  in  the  spleen  and  kidneys, 
and  in  113  it  Avas  present  in  the  kidneys  oidy.  These  cases 
arc  fully  described  in  the  Appendix. 

Other  arguments  in  favour  of  this  increased  destruction 
are  the  constancy  of  \\w,  yellow  colour  due  to  changed  blood 
pigment  deposited  especially  in  the  fat,  the  increased  pigment 
in  the  serum,  and  the  excess  of  urol)ilin  in  the  lu'ine. 

The    experimental    work    shoAvs    that    Addison's    an;rinia    is 
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chic  to  increased  Itlood  dcstiuct ion  iVoni  sonic  clieniical  or 
bacterial  toxin.  Xnnierons  Avorkcrs  have  produced  a  severe 
anaemia  ^vitli  the  typical  blood  picture  Avith  quite  different 
poisons.  Ilnnter  ^^  made  nse  of  tohicnc  diamine,  Paton  and 
Goodall  '-^  and  Price- Jones  ^'orj)lun\l  liy(ha/,iiic,  and  Hunting  ^^ 
of  ricin  and  saponin. 

In  all  these  experiments  the  blood  showed  a  marked  reduction 
in  tlie  number  of  red  cells.  ;i  hjoh  coloiir-iiulex,  large  red  cells 
of  nneqnal  size  and  sha})e  with  many  nncleated  forms  and 
basophil  staining.  The  iron  reaction  Avas  given  by  the  liver, 
spleen  and  kidneys,  its  intensity  dcj)ending  on  the  rate  of  pro- 
duction of  tlic  anjrmia.  In  several  eases  Avhere  the  poison 
was  given  in  large  doses  there  was  actually  haemoglobinuria. 
A  megaloblastic  reaction  was  found  in  the  bone  marrow.  There 
was  an  absence  of  leucocytosis,  though  leucopcnia  was  not  often 
observed.  Sometimes  the  spleen  was  enlarged.  There  is  no 
mention  of  neurological  or  gastro-intcstinal  symptoms,  but  the 
presence  of  these  might  well  depend  on  the  poison  acting  over  a 
longer  period. 

In  the  rabbit  the  anirmia  following  frequent  ha:'morrhages 
always  shows  some  of  the  features  of  A<ldison's  aiucmia — cer- 
tainly more  so  than  in  a  similar  aiiirmia  in  man.  lint  Price 
Jones  ^^  made  a  careful  comparison  of  the  amemias  following 
haemorrhage  and  ])oisoning  with  phenyl  hydrazine,  and  found 
that  the  latter  Avas  much  more  like  Addison's  anaemia. 

It  has  long  been  known  that  the  aiuemia  folloAving  infection 
Avith  Pothrioeephalus  latus  closely  resembles  Addison's  anaemia. 
Schauman  and  Tallquist  ^^  shoAved  that  this  anaemia  could  be 
produced  in  dogs  by  injection  of  filtered  extracts  of  this  tapcAVorm 
or  by  giving  these  by  mouth.  In  some  animals  examined  after 
death  the  liver  and  spleen  gave  a  Prussian  blue  reaction,  and 
the  bone  marroAv  Avas  red. 

Finally,  INIcLeod  and  MeNee  ^•'  shoAved  that  a  like  blood 
picture  could  be  produced  by  the  injection  of  a  haemolysin 
o])tained  from  virulent  strc})tococci.  In  one  rabbit,  which  died 
rapidly  after  an  anaemia  produced  Ijy  a  lucmolytic  scrum,- ^ 
a  gelatinous  condition  of  the  marroAv  Avas  i'onnd  very  similar 
to  that  found  in  aplastic  anaemia,  Avhile  in  all  the  others  a  megalo- 
blastic bone  marroAv  Avas  fomid.  The  Prussian  blue  reaction 
i'or  iron  Avas  also  I'ouiid   in    the  liver,  kidney  and  spleen. 

If  it  is  agreed  that  the  cause  of  the  <liseasc  is  an  increased 
b]o(;d  destruction  due  to  some  ])oison,  llicrc  remain  two  questions 
of  special  interest.  Is  the  poison  a  chemical  substance  analogous 
to  those  used  in  most  of  the  experimental  anaemias,  or  is  it  some 
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bacteriiil    j)i-()(lucl    as    in    the    al)()\(-(|ti()tc(l   cx[)('riiiR'iit  ?      And 
IVoni  what  part  of  the  body  may  the  poison  conic? 

Because  the  iron  reaction  is  found  most  constantly  in  llie 
liver,  Hunter  thought  that  the  poison  must  come  lioni  the 
portal  area  and  presumably  from  the  gastro-intestinal  tract. 
Recently  McINIaster,  Rous  and  Larimore  -"  have  shown  that  tliis 
assumption  is  not  valid.  If  the  luemolysis  takes  place  quickly, 
the  pigment  circulates  in  tlie  blood  and  is  excreted  by  the 
kidneys,  where  some  of  it  is  retained  and  gives  the  Prussian 
blue  reaction.  If  the  destruction  takes  ])lace  less  quickly, 
this  test  will  be  given  by  the  liver  and  not  by  the  kidneys. 

Another  argument  in  favour  of  a  gastro-intestinal  origin 
is  the  frequency  of  early  symptoms  affecting  the  gastro-intestinal 
tract — symptoms  which  do  not  occur  in  other  anaemias.  In 
this  series,  after  carefully  excluding  diarrhoea  and  vomiting, 
which  miglit  be  due  to  arsenic,  one  or  both  of  these  were  present 
in  Go  per  cent.  In  35  per  cent,  they  occurred  as  the  earliest, 
or  almost  the  earliest,  symptoms. 

Even  if  diarrhoea  was  present  in  every  case,  it  does  not  follow 
that  the  intestine  is  the  source  of  the  infection.  Ryle  ^^  refers 
to  the  constancy  of  diarrhoea  in  streptococcal  septicaemia, 
whatever  the  primary  focus  of  the  septicicmia.  Similarly  the 
diarrhoea  might  be  secondary  to  the  general  disease,  or  might 
follow  the  achlorhydria. 

In  practically  100  per  cent,  of  cases  of  AddisoiTs  ana'^mia 
examination  of  the  gastric  contents  shows  complete  absence 
of  free  hydrochloric  acid,  and  sometimes  this  has  been  proved  to 
precede  the  development  of  the  anaemia. 

In  seven  cases  there  was  some  evidence  that  uterine  sepsis 
or  haemorrhage  preceded  the  onset  of  the  anaemia.  Three  of 
these,  Nos,  2,  42  and  93,  are  described  in  the  Appendix.  In 
No.  2  there  was  the  unusual  symptom  of  C()nstij)ati()n,  in  No, 
42  slight  diarrhoea,  in  No,  93  no  vomiting  or  diarrluea,  and  in 
Nos.  43,  104  and  105  only  slight  vomiting,  so  that  gastro- 
intestinal symptoms  seemed  equally  eonunon  in  this  group. 
It  is  unfortunate  that  a  test-meal  was  not  done  in  any  of  these 
eases  while  they  were  anaemic,  because  if  achlorhydria  is  also 
present  in  them,  it  would  show  that  the  uterus  is  not  the  primary 
focus  of  infection,  or  that  the  aehlorhyilria  is  not  a  causal  factor 
in  allowing  the  passage  of  organisms  from  the  nioiitli.  This 
point  cannot  yet  be  decided,  ("abot  believes  that  tlu-se  cases 
really  belong  to  a  different  group,  but  it  is  dilhcult  to  see  any 
justification  for  this  in  the  other  chemical  or  hjcmatological 
findings. 

In  N(j.  9  !•  (see  Aj)i)iii(li\  K  wIutc  the  disease  followeil  chronic 
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suppuration  o['  the  iVontal  sinus,  diariluia  and  voniitiujy  were 
early  symptoms.  The  assoeiation  may  luive  been  a  eoineidtMiee, 
or  the  <iastro-intestinal  traet  may  have  been  infected  I'rom  the 
sinus,  as  in  other  easi's  it  sei-ms  to  1)l'  IVom  tlie  tei-lh. 

In  Xt).  95  chronie  bronchitis  sullieiently  severe  to  have 
neeiled  t^velve  a(hnissions  to  an  inhrmary  may  have  been  a 
sc)urce  of  infection.  Vomitiniv  ^vas  one  of  the  early  symptoms 
and  a  test-meal  showed  achlorhydria. 

Phthisis  and  the  associated  hmi)'  infection  may  have  been 
the  primary  source  in  one  case  (35  in  Appendix).  Diarrhoea 
Avas  present,  but  no  test-meal  was  done. 

In  No,  113,  Avhere  the  anaemia  may  have  been  associated 
with  suppuration  in  the  kidney,  and  in  No.  115,  where  it  was 
associated  Avith  very  severe  pyorrlia-a  and  oral  sepsis,  there 
AA'erc  no  gastro-intestinal  sym})toms,  and  in  both  test-meals 
were  normal.  It  is  interestino-  that  (piite  apart  from  the 
presence  of  free  acid  in  the  gastric  juice,  neither  of  these  Avcre 
included  as  proved  cases  of  Addison's  antemia  on  clinical  and 
hicmatological  grounds. 

No.  117  is  of  special  interest,  because  he  liad  some  very 
acute  infection,  Avhieh  rapidly  caused  death  Avith  post-mortem 
changes  characteristic  of  Addison's  anaemia.  There  AVcre  no 
gastro-intestinal  symptoms  and  no  test-meal  Avas  done.  He 
is  not  included  as  a  certain  case,  but  prol)ably  the  same  process 
Avas  at  Avork  here  more  acutely. 

There  is  no  defuiitc  proof  of  the  source  of  the  blood  destruc- 
tion, but  there  is  some  eA'idcnce  that  Avhile  the  gastro-intestinal 
tract  is  the  most  common  cause,  infection  in  other  parts  of 
the  body  may  also  giA'c  rise  to  typical  Addison's  aiuemia. 

Little  has  been  said  about  oral  sepsis  in  the  production  of 
Addison's  ana'mia.  Dental  caries  and  pyorrhoea  alveolaris 
are  so  common  in  hospital  patients  of  this  age,  that  the  mere 
presence  of  these  is  of  little  importance.  It  is  certainly  true 
that  the  removal  of  oral  sepsis  Avill  frecpientl}^  improve  patients 
Avith  Addison's  anaMiiia.  It  is  e(jually  true  that  severe  anemias 
which  are  not  of  an  Addisonian  type  may  be  cured  by  the 
removal  of  oral  sepsis.  Hunter  is  probably  right  in  suggesting 
that  in  many  cases  tAvo  factors  arc  at  Avork,  one  producing  a  true 
Addison's  anaemia  and  another  a  septic  ana-mia;  and  that  the 
cure  of  the  latter  is  one  of  the  factors  Avhieh  have  improved 
the  prognosis  in  A<ldison's  anaemia. 

No.  93  (see  Appendix)  is  of  interest  because  Avith  her  recovery 
took  ])lace  Avithout  any  local  treatment  for  her  oral  sepsis. 

Whatever  part  of  the  body  may  provide  the  primary  source, 
it  is  still  uncertain  Avhether  there  may  be  poisoning  Avith  some 
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simple  clicniical  suhstancf  introduced  directly  oi'  piodiiced  \)y 
abiioniuil  bacterial  clian<'-es  in  the  iutestiue,  or  an  inl'eetion  with 
ha'niol}tic  streptococci,  bacteria,  or  perhaps  protoztKil  organisms. 
The  similarity  with  Bothrioccphalus  anaemia  might  even  suggest 
a  metazoal  infection,  but  it  is  unlikely  that  this  would  have 
escaped  detection. 

There  are  several  arguments  which  have  been  used  in  laxour 
of  an  infection. 

The  frequent  presence  of  pyrexia  is  one.  In  these  cases 
thirty-six,  or  50  per  cent.,  showed  definite  pyrexia  at  some  period 
while  they  were  under  observation,  and  a  further  25  per  cent, 
had  slight  pyrexia.  Certainly  high  pyrexia  was  not  common, 
but  it  was  observed  in  some  cases. 

The  enlargement  of  the  spleen  has  been  used  as  another 
argument.  In  the  twenty  patients  who  died  in  hospital  the 
spleen  was  below  150  grms.  in  five,  the  lowest  weight  being  90, 
and  normal  in  two  cases.  It  was  above  150  in  thirteen  cases, 
reaching  the  weight  of  liOO  grms.  in  one  case,  but  only  500 
grms.  in  the  next  largest. 

In  the  eleven  patients  who  are  still  alive  and  have  been 
seen  by  the  writers  the  spleen  was  palpable.  Certainly  the 
spleen  is  enlarged  in  the  majority  of  cases  before  death,  though 
if  the  series  be  taken  as  a  whole,  an<l  it  is  assumed  that  the  spleen 
was  not  enlarged  Avhere  no  notes  were  made  in  the  report,  there 
was  only  clinical  evidence  of  enlargement  in  30  per  cent,  of  the 
cases,  a  very  similar  proportion  to  that  foimd  by  French, 

It  is  possible  that  the  splenic  enlargement  and  the  lesser 
degrees  of  pyrexia  might  be  associated  with  blood  destruction 
rather  than  infection.  AVhcre  there  was  considerable  pyrexia 
it  is  more  diflieult  to  suppose  this,  but  in  such  cases  the  high 
temperature  was  usually  due  to  a  terminal  secondary  infection. 

Ilurst  has  laid  stress  on  the  fact  that  streptococcus  longus 
has  been  found  with  great  freciuency  in  the  duodenum  as  well 
as  in  the  mouth  and  ficces,  but  their  presence  in  the  mouth  and 
ficccs  is  too  fre(juent  in  other  sul)jeets  for  this  to  be  at  all  con- 
clusive until  further  tests  of  their  specificity  have  been  fountl. 

Recently  Hurst  ^^  has  laid  great  stress  on  the  importance  of 
achlorhy<lria  as  a  causal  factor  in  Addison's  an;emia.  He  thus 
sununarises  the  pathology  of  the  disease  in  a  single  sentence  : 
"  The  achlorhydria  allows  the  bacteria  which  produce  the 
luvniolytic  toxins,  and  which  probably  have  their  primary  I'oeus 
in  the  jnouth,  to  |)ass  thiouLrh  the  intestine  without  being 
destroyed  by  the  hydioehlorie  acid,  which  oui^ht  to  l)c  present." 
In  a  recent  verbal  coinnuinicat ion  Hurst  has  amplilied  this  ^•icw 
l)y  suggesting  that  the  bacteria  act  uj)on  the  proteins  which  have 
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been  iiisuHieiently  digested  owIul;'  to  the  al)senee  of  oastric 
juice  and  the  associated  })ancreaiie  acliylia,  with  the  ri'sidt  that 
hirniolytic  toxins  are  proiUiced. 

There  are  certain  dillieulties  in  acccptino-  the  view  tliat  the 
disease  is  simply  a  chronic  streptococcal  iid'ection  of  the  nj)per 
ahnientary  tract.  Firstly,  signs  of  inlhinnnatt)ry  reaction  in 
the  intestines  are  not  a  constant  post-mortem  finding.  Secondly, 
the  white  blood  count  is  totally  indike  that  usually  foinid  in 
streptococcal  infections.  Lastly,  were  streptococci  the  infective 
agent  it  might  be  expected  that  they  would  be  agglutinated  by 
tlie  patient's  serum,  or  tliat,  if  a  vaccine  was  })repared  from 
them,  its  injection  would  produce  a  reaction.  Nor  is  it  easy  to 
believe  that  the  organisms  produce  a  haemolytic  bacterial  toxin 
within  the  lumen  of  the  intestine,  which  could  be  absorbed 
through  an  intact  mucous  membrane. 

What  then  is  the  significance  of  the  achlorhydria  in  Addison's 
anncmia?  All  the  patients  in  this  series  in  whom  test-meals 
were  performed  diu'ing  the  active  stage  of  the  disease  showed 
complete  achlorhydria.  Three  cases  examined  during  remissions 
also  gave  a  similar  result,  in  spite  of  the  fact  that  their  blood 
was  practically  normal  at  the  time.  Such  results  confirm  the 
observations  of  others,  and  suggest  that  achlorhydria  is  not  so 
much  due  to  the  anaemia  as  a  causal  factor  in  the  production  of 
the  disease.  Quite  apart  from  the  fact  that  in  a  few  cases 
achlorhydria  has  been  showai  to  be  present  even  for  years  before 
the  onset  of  the  anjiemia,  there  does  not  appear  to  be  any  evidence 
that  a  severe  anaemia  of  long  standing  necessarily  does  more 
than  cause  some  degree  of  hypochlorhydria.  We  have  done 
test-meals  in  three  cases  of  splenic  anaemia  and  found  complete 
achlorhydria  of  the  type  found  in  Addison's  anicmia  in  two  cases, 
while  in  the  third  free  acid  was  present  in  one  specimen  in  very 
small  amounts.  On  the  other  hand,  one  case  with  a  severe 
anaemia  down  to  17  per  cent,  haemoglobin,  which  in  some  features 
resembled  Addison's  anaemia,  showed  on  two  separate  occasions 
the  presence  of  hydrochloric  acid  in  small  amounts  in  the  frac- 
tional test-meal.  Post-mortem  the  latter  ease  was  proved  to 
be  one  of  Ilodgkin's  disease. 

In  three  other  patients  who  have  been  under  observation 
recently  a  severe  antemia  has  not  been  associated  even  with 
hypochlorhydria.  A  woman  aged  thirty-eight,  with  a  three- 
years'  history  of  splenomcdullary  leuktrmia,  was  in  hosf)ital  for 
four  months,  during  which  time  her  luemoglobin  varied  between 
30  and  50  per  cent.  Her  fractional  test-meal  gave  a  curve 
just  above  the  normal.  A  man  of  fifty-four  with  pyelo-ncphritis, 
who  was  in  hospital  for  two  months,  timing  whicli  time  liis  haenio- 
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globin  varied  between  .'H  aiul  10  per  cent.,  had  definite  hyper- 
clilorliydria.  A  girl  of  twenty-one  with  severe  chlorosis  and 
ha?moCTl()|)in  only  25  per  cent.,  showed  a  normal  enrvo  with  her 
fractional  test-meal, 

Herzog  -^  describes  a  ease  of  Bothrioeephalus  anaemia  with  a 
normal  acidity,  and  states  that  achlorhydria  is  present  in  aljont 
lialf  of  these  cases,  but  always  present  in  Addison's  anajmia. 

If  achlorhydria  is  an  essential  causal  factor  in  the  develop- 
ment of  Addison's  ana?mia,  ^vllat  part  does  it  play  in  the  jiathology 
of  the  disease?  We  have  already  stated  some  of  the  diiriculties 
in^•olved  in  the  view  that  the  lack  of  free  acid  in  the  stomach 
allows  the  passage  of  streptococci  from  the  teeth  to  the  intestines. 
Moreover,  it  must  be  remembered  that  in  about  one-third  of 
all  normal  persons  there  is  no  free  hydrochloric  acid  in  the 
resting-juice.^-  Yet  during  the  night,  when  the  stomach  is 
empty,  saliva  with  organisms  from  the  mouth  and  teeth  are 
being  constantly  swallowed.  The  enlargement  of  the  spleen 
and  the  pyrexia  can  be  explained  as  the  result  of  the  haemolysis, 
and  the  white  blood  count  is  absolutely  unlike  a  coceal  infection, 
though  the  inji'ctio)i  of  a  streptococcal  lijemolysin  obtained  /// 
vitro  did  give  rise  to  anaemia  without  leueoeytosis.'^ 

How  then  can  the  achlorhydria  predispose  to  the  development 
of  Addison's  anaemia?  It  is  conccival)le  that  imder  certain 
conditions  brought  about  by  achlorhydria  chemical  liodies 
might  be  formed  from  the  breakdown  of  protein  by  bacteria 
not  normally  present ;  and  that  these  could  be  absorbed  through 
the  stomacli  or  intestines,  and  could  i)roduee  lurmolysis.  As 
an  alternative  theory  it  may  be  that  the  achlorhydria  allows  the 
invasion  of  some  protozoal  organism,  possibly  a  spirocha'te. 
The  features  of  the  disease  such  as  the  white  count  and  the 
remissions  are  more  suggestive  of  a  protozoal  than  a  eoeeal 
infection. 

The  close  similarity  to  the  anaemias  produced  by  liothrio- 
cephalus  infections  and  experimentally  seems  a  strong  argument 
in  favour  of  a  similar  cause  in  Addison's  anaemia.  The  two  argu- 
ments which  are  most  dillieult  to  reconcile  with  a  streptococcal 
origin  of  the  disease  are  the  extraordinarily  constant  clinical 
picture  of  Addison's  ana>mia — a  comparatively  rare  disease, 
while  infections  with  haemolytie  streptococci  are  very  frequent — 
and  the  dchnite  remissions  which  are  such  a  constant  feature 
of  the  disease. 

In  no  other  condition  are  remissions  sueii  a  marked  Icature. 
except  in  diseases  which  arc  proved  to  be  or  probabl\-  ar<'  due 
to  a  })rotozoal  infection. 

Everyone  is  agreed  that  the  course  of  the  disease  has  been 
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k>n<i[tlu'nf(l  by  Nioorous  ti^'atmciit  ol"  st'i)ti('  loci,  niul  that 
recoveries  do  take  place,  hut  it  still  remains  true  that  in  the 
majority  of  eases  tlie  diseasi'  runs  its  course  with  remissions  and 
ends  fatally.  This  should  not  be  so,  if  the  pathology  Avere 
compKttly  understood. 

Trcattucnl. 

It  is  still  true  that  treatment  with  arsenic  is  the  most  effective 
remedy  at  iiand.  There  is  no  evidence  from  a  study  of  these  cases 
that  injections  of  organic  eom|)ounds  of  arsenic  give  more 
satisfactory  results  than  arsenic  by  the  mouth. 

There  is  no  dou])t  that  many  ))atients  we  have  seen  could 
not  have  been  alive  without  blood  transfusions,  but  its  main 
role  seems  to  be  in  tiding  over  the  most  dangerous  time  of  the 
illness  and  raising  the  hicmoglobin  sufTieiently  high  for  the  bone 
marrow  to  take  up  again  tlie  task  of  producing  new  red  cells. 
No.  8.3  is  the  best  example  of  this. 

The  removal  of  focal  sepsis  seems  tlie  most  rational  line  of 
treatment  with  our  present  knowledge,  and  the  residts  in  pro- 
longing the  course  of  tlie  disease  and  im])r()ving  the  prognosis 
certainly  seem  to  justify  this  treatment. 

It  is  still  too  early  to  speak  of  the  results  of  treatment  with 
hydrocliloric  acid  in  large  doses  continued  for  long  periods  of 
time,  so  warmly  advocated  by  Hurst. ^^ 

It  seems  that  these  three  things — blood  transfusion,  vigorous 
treatment  of  focal  sepsis  and  administration  of  hydrochloric 
acid — should  certainly  be  added  to  tlie  five  things  which  Sir 
William  Osier  regarded  as  necessary  in  the  treatment  of  Addison's 
anaemia  ^^ — a  correct  diagnosis,  rest  in  l)ed,  fresh  air,  good  food 
and  arsenic. 

We  arc  indebted  to  Dr.  A.  F.  Ilurst  for  his  help  and  advice, 
and  to  Mr.  E.  R.  Boland  for  assistance  with  blood  examinations. 

SumDiarij 

Addison's  ana-mia  is  a  true  clinical  entity,  with  characteristic 
clinical  leaturcs  and  a  characteristic  blood  })icturc. 
The  following  signs  are  constantly  present :  — 

(1)  A  severe  auicmia  with  a  colour-index  over  0-0; 

(2)  marked  aniso-  and  poikilo-cytosis  with  the  average  size 
of  the  red  cells  increased; 

(3)  absence  of  leucocytosis  ; 

(4)  a  lemon-yellow  colour  of  the  skin  ; 

(5)  aclilorhydria; 

(6)  a  Prussian  blue  reacti<jn  in  the  liver,  sjileen  or  kidneys; 
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(7)   ifd  bone  inaiTow   in  the  loiii^  1)()IK'->; 
(S)  an  increased  elottinn' time. 

In  addition  to  tlie  al)ove.  the  lollowino-  sions  and  symptoms 
are  generally  })iesent  : — 

(1)  Xneleated  red  cells  (in  at  least  85  per  cent.),  mcgalo- 
blasts  and  basophil  staining  of  the  red  cells ; 

(2)  a  leucocyte  count  below  5000  (70  per  cent.),  with  a 
relative  lynipho-cytosis,  and  absolute  reduction  in  the  luunber 
of  polyniorphoiuiclear  cells; 

(3)  a  long  course  with  a  tendency  to  remissions  (00  per 
cent.); 

(4)  gastro-intestinal  symi)toms  (05  })er  cent.); 

(5)  Some  enlargement  of  the  spleen  (65  per  cent.); 

(6)  some  degree  of  pyrexia  (50-70  per  cent.); 

(7)  a  low  blood  pressure. 

Other  less  constant,  but  very  important  features  are  :  — 

(1)  Signs  and  symptoms  of  degeneration  in  the  lateral  and 
posterior  colunuis  in  the  s])inal  cord  (20  per  cent.); 

(2)  pigmentation  of  the  skin  and  nuieous  membrane  (20 
per  cent.); 

(3)  glossitis  (nearly  50  per  cent,  in  cases  seen  recently); 

(4)  a  tendency  to  haemorrhages. 

In  jiractically  every  ease  observed  over  a  short  period  of 
time  a  diagnosis  can  be  made  from  the  clinical  featnres  or  fi'om 
the  blood  examination  alone. 

In  the  blood  examination,  a  colour-index  of  under  0-7  is 
never  found  over  a  long  period,  l^ut  a  coloiu'-index  between 
0-7  and  1-0  is  as  common  as  one  between  1-3  and  l-(). 

In  the  blood  (ilm  the  ])resence  of  maeroeytes  and  the 
absence  of  leueoeytosis  is  the  most  constant  and  imi)ortant 
feature,  and  normoblasts  are  present  in  the  great  majority  (»f 
cases. 

The  changes  in  the  white  cells  can  be  summarised  by  saying. 
that  in  three-(juarters  of  all  the  eases  there  is  leneojienia.  dne 
to  a  diminution  of  the  ])ol\  inorphomielcar  cells,  the  number  ol 
lymphocytes  Ix'ing  unchanged. 

I'l'om  the  pathological  point  ol'  view  it  seems  clear  that  the 
essential  feature  of  the  disease  is  increased  blood  destruetion, 
rather  than  a  primary  disease  of  the  bone  nuirrow.  This  might 
be  due  to  a  luemolysin  formed  by  streptococci,  but  then-  is  no 
evidence  of  the  disease  jirescnting  the  usual  features  of  a 
streptococcal  infection.      It  seems  more  likely  that   it   is  due  to 
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some  clicniical  poison,  perhaps  a  })ro(iiict  ol'  protein  breakdown 
under  tlie  intluence  of  abnormal  bacteria,  whieh  have  reached 
tlie  intestine  owinor  to  the  absence  of  free  hy(U-oeliloric  acid  from 
the  stomacli,  or  produced  directly  by  some  unknown,  probably 
protozoal,  organism. 
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APPENDIX    H 

CASKS    ILLUSTHATIXC;    SPECIAL    POINTS    IN    THE 
PREVIOUS   DISCUSSION 

Cane  oJ\ld(Unu}i\s-  ^iiKViiiid  in  n  Voiniii  ll'oiiKin  {Xo.  2) 

May  B.,  aged  22,  M^as  admitted  under  Dr.  NeAvton  Pitt  in 
December  1913.  A  year  before  she  became  pale  and  weak. 
Her  teeth  were  all  removed,  and  she  lost  a  lot  of  blood  after 
this.  Her  periods  had  always  been  irreoular;  latterly  she  had 
lost  an  unusual  amount  of  l)l()()d  ;  there  was  three  weeks'  history 
of  vomiting.  On  admission  she  was  said  to  be  a  greenish 
colour.  There  Avere  petechias  on  the  skin  and  retinal  h.rmo- 
rrhages.  A  blood  count  showed  red  cells  700,000,  hirmoglobin 
10  })er  cent.,  colour-index  0-7,  white  cells  2300,  of  which 
02  per  cent.  Avere  lym})hocytes.  There  Avas  marked  aniso-  and 
])()ikil()-cytosis,  but  no  nucleated  red  cells.  Her  temperature 
A\  as  l)etween  100    and  101  \     She  (.lied  three  days  after  admission. 

Post-mortem,  there  Avere  haemorrhages  throughout  the?  intes- 
tine, in  the  lungs  an<l  pericardium.  The  Prussian  blue  reaction 
Avas  positiA^e  in  the  liver  and  Aveakly  positive  in  the  spleen  and 
kidneys.  The  bone  marroAV  of  the  femur  Avas  deep  red.  A 
cultivation  from  the  heart  blood  grcAV  B.  coll,  but  this  may 
AV(.ll  have  been  a  terminal  infection. 

Case  of  Addison'' s  .huewia  in  a  Young  Woman  with  Changes  in 
the  Spinal  Cord  {No.  13) 

Amy  Ci,,  age<l  31,  Avas  admitted  under  Sir  William  Hale-White 
in  October  1909.  She  had  been  groAving  weaker  for  two  years. 
On  admission  she  Avas  very  pale,  and  a  blood  examination 
shoAved  red  cells  1-7  millions,  haemoglobin  45  per  cent.,  colour- 
indc^x  1-2,  and  Avhite  cells  2500.  Unfortunately  a  blood  film  was 
not  cxamine<l.  She  had  no  A^omiting  or  diarrhrea,  but  had  had 
epigastric  pain  since  the  beginning  of  licr  illness.  Her  tem- 
perature Avas  bctAveen  101°  and  101^  during  the  ten  days  that 
she  was  in  hospital  before  her  death.  The  knee  jerks  were 
exaggerated  and  the  plantar  reflexes  Avere  extensor. 

Post-mortem  the  liver,  spleen  and  kidneys  gave  a  positive 
Prussian  blue  reaction.  The  bone  marroAV  of  the  fennir  was 
red.  Sections  of  the  cord  showed  degeneration  of  the  posterior 
and  lateral  columns. 

Case  of  Addison's  Anaemia  occurring  in  a  Worker  with  Radium 

(Xo.  17) 

Leonard  11.,  aged  31,  Avas  admitted  under  Sir  William 
Hale-White  in  October  1910.  He  had  worked  at  a  radium 
institute  for  four  years.  For  one  month  before  admission  he 
(i;nl  f(inij)l;iincd  of  Aveakness,  shortness  of  breath  and  headaches. 
There  wei"e  no  spec-ial  gastro-intestinal  or  neurological  symptoms. 
He  Avas  salloAV-eolcjured  and  had  a  temperature  of  103'  on  three 
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occasions  while  he  was  in  hospital.  A  blood  count  showed  red 
cells  1-8  millions,  ha-inojnrlohin  29  per  cent.,  colour-index  1-1 
and  white  cells  960,  of  which  48  per  cent,  were  lymphocytes. 
There  was  poikilo-  and  aniso-cytosis.  Nucleated  red  cells 
were  not  mentioned  as  present.  A  second  blood  count  a 
fortnight  later  showed  little  change.  He  died  a  few  weeks 
after  discharge.  Unfortunately  a  post-mortem  examination  was 
not  made. 

Case  of  Addison''s  Ancemia  and  Phthisis  simulating  Addison's 

Disease  {Xo.  35) 

Fred  P.,  aged  42,  was  admitted  into  Clinical  Ward  in  May 
1911.  He  had  suffered  with  a  cough  for  ten  years  following  an 
attack  of  pleurisy.  Six  months  before  admission  he  became 
pale  and  weak  and  had  loss  of  power  in  the  legs.  On  admission, 
although  he  had  not  been  treated  with  arsenic,  he  had  brown 
spots  of  pigmentation  over  the  body  and  limbs  and  large  blotches 
on  the  abdomen.  He  had  also  pigmentation  of  the  mucous 
membrane  of  the  lips  and  cheeks  and  leueodermia. 

His  spleen  was  not  palpable.  He  had  attacks  of  diarrhoea 
but  no  vomiting.  His  right  knee  jerk  was  exaggerated.  There 
was  ankle  clonus  and  a  doubtful  extensor  plantar  reflex.  His 
blood  pressure  on  admission  was  120  mm.,  but  in  October  it 
was  constantly  about  90  mm.,  and  was  unaffected  by  adrenalin 
given  by  the  mouth.  A  blood  count  gave  the  following  result  : 
red  cells  1-2  millions,  luemoglobin  29  per  cent.,  colour-index  1-2, 
and  white  cells  5300,  of  which  30  per  cent,  were  lymphocytes. 
There  was  aniso-  and  poikilo-cytosis,  basophil  staining  and 
nucleated  red  cells. 

In  June  the  signs  in  his  R.  lung  became  more  active.  There 
were  n'des  all  over  and  a  rub  developed  at  the  R.  base.  Later 
tubercle  bacilli  were  found  in  the  sputum.  In  August  he  had 
diarrlura  and  vomiting  and  peripheral  neuritis,  and  arsenic  was 
omitted.  He  was  intermittently  pyrexial,  and  became  worse 
and  died  in  October. 

Post-mortem  there  was  an  old  cavnty  at  the  P.  apex  and 
tuberculosis  of  both  lungs.  The  liver  was  enlarged  and  there 
was  a  well-marked  Prussian  blue  reaction  in  the  liver,  spleen 
and  kidneys.     The  bone  marrow  was  bright  red. 

Case   of  .Iddison's  Anaemia   associated  ivith  Infective  .Lrihriiis 

{No.  42) 

Daisy  W.,  aged  20,  was  admitted  luider  Dr.  Faweett  in 
August  1917.  She  Avas  married  in  Jime  1910,  and  soon  after 
this  suffered  Avith  bilious  attacks  and  ana?mia.  On  admission 
she  was  a  lemon-yellow  colour  and  a  blood  coimt  showed  red 
cells  1-5  millions,  lurmoglobin  28  per  cent.,  colour-index  0-9, 
and  Avhite  cells  7000  (later  3000),  of  which  r^'y  jx-r  cent,  were 
lym))hocytes.  There  was  marked  aniso-  and  poikilo-c\i:()sis 
and  nucleated  red  cells  were  ]iresent.  In  hospital  the  vomiting 
continued,  and  there  were  slight  attacks  of  diarrhoea,  which  did 
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not  ajijH-ar  to  \iv  due  to  arsenic.  She  had  had  no  chihl  or 
nhsearriiijxt\  mul  her  piM'iods  ^v(M•r  rc'>>nhir  hnt  rather  excessive. 
Slie  had  lt)AV  ])yrexia  tIn'oui>hout  her  stay  in  hospital,  sometimes 
to  1()2\.  bnt  her  spleen  Mas  not  pali)al)le.  She  ^va.s  (Uscha.r<i;ed 
after  foiu-  months  consitlerably  improved,  bnt  witli  her  luumo- 
»jlobin  still  tO  per  cent. 

In  May  1018  she  Avas  readmitted  with  infective  arthritis  of 
rhenniatoid  distribntion,  and  })eripheral  nem-itis.  Her  anaemia 
Avas  aj)]iarently  nt)t  severe. 

In  November  1918  she  was  readmitted,  as  her  arthritis  and 
peripheral  neuritis  Avere  worse.  The  latter  was  thought  to  be  due 
to  arsenic,  and  this  was  detected  in  the  urine.  Her  haemoglobin 
was  90  per  cent.,  but  while  in  hospital  it  fell  steadily,  perhaps 
l)ecausc  her  arsenic  had  to  lie  discontinued,  until  in  February 
1919  it  was  again  3G  per  cent.  She  was  discharged  but  died  at 
home  in  June  1919. 

Case  of  Addisun'6-  ^ina-Diia  ivitJi  Hc'iinssions  during  eight  years 

{Xo.  83) 

George  C,  aged  39,  was  admitted  under  Dr.  FaAvcett  in 
March  1920.  In  1912  he  first  noticed  that  he  was  inclined  to 
be  yellow.  In  1913  he  was  in  bed  for  a  month  with  weakness 
and  a  yellow  colour.  In  1911  he  was  very  ill  while  in  Mexico, 
and  evidently  had  consiilerable  pyrexia  in  achhtion  to  his  yellow 
colour,  diarrha'a  and  vomiting,  for  he  was  diagnosed  as  a  case  of 
A<l(lison's  anjcmia  and  ty})hoid  lever.  In  1915  he  was  in  Norwood 
Cottage  Hospital  and  was  treated  with  injections  of  salvarsan.  He 
was  able  to  work  till  March  1916,  the  longest  remission  he  had 
had  since  1913.  From  that  date  till  his  admission  he  was  never 
well  for  more  than  a  few  months  at  a  time.  He  had  frequent 
attacks  of  diarrha'a  and  vomiting,  some  of  which  may  have 
been  due  to  arsenic,  as  he  M'as  generally  im<ler  treatment  with 
arsenic  by  the  mouth  or  by  injections. 

On  admission  he  was  a  lemon-yellow  coloiu'  and  had  severe 
anaemia.  His  spleen  was  palpable  about  an  inch  below  the 
costal  margin,  and  his  liver  was  just  palpable.  A  blood  count 
showed  red  cells  1-2  millions,  lurmoglobin  28  per  cent.,  colour- 
index  1-2,  and  white  cells  1000,  of  which  43  per  cent,  were 
l\inphocytcs.  There  was  aniso-  and  poikilo-cytosis,  and 
normoblasts  and  mcgaloblasts  were  present.  The  fragility  of 
his  red  cells  was  normal.  His  clotting  time  was  2'  25".  A 
fractional  test-meal  showed  achlorhy(h"ia.  His  Wassermann 
reaction  was  negative  on  several  occasions.  Early  in  May  he 
developed  a  subacute  attack  of  nephritis  which  persisted.  For 
the  first  two  months  in  hospital  there  was  no  imj)r<)vemcnt  in 
his  general  condition  and  no  increase  in  his  haemoglobin  per- 
centage. He  was  then  transfused  on  May  22,  May  31  and 
.Innc  10.  about  500  c.c.  of  blood  being  used  on  each  occasion. 
Al'tci-  the  lirst  two  I  ransftisioiis  he  onl\'  managed  to  keep  at 
abfjut  the  ligure  produced  immediately  after  ilw  transfusion, 
but  after  the  third  he  rose  rapidly  frojii   10  per  cent,  to  72  per 
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cent.  He  was  discharged  feeling  very  fit  and  returned  to  work. 
In  October  his  htcmoglohin  was  88  per  cent.  In  May  1921  his 
haemoglobin  was  8.3  per  cent.,  l)ut  a  fractional  test-meal  still 
showed  complete  achloriiydria.  He  remained  well  and  at  work 
till  January  1922  the  longest  interval  of  good  health  since  1913. 
In  January  he  became  acutely  ill,  and  rapidly  lost  his 
colour,  and  was  admitted  to  hospital  witli  jaundice  and  acute 
abdominal  pain  over  the  gall  bladder.  Cholecystitis  and  an 
acute  hicmolytic  phase  were  diagnosed.  His  h;emoglobin  was 
down  to  24  per  cent.  He  was  again  trc^ated  with  arsenic  and 
transfusions,  and  althoiigh  his  htemoglobin  was  gradually  raised 
to  5i  per  cent.,  he  did  not  regain  his  strength.  He  was  trans- 
ferred to  Mr.  Fagge  in  June  1922.  At  a  laparotomy  his  gall 
bladder  was  found  to  be  the  site  of  chronic  inflannnatory 
changes,  and  was  removed.  It  contained  thick  inspissated  l)ile, 
almost  firm  enough  to  be  described  as  small  stones.  A  pure 
culture  of  B.  culi  was  grown  from  the  gall  bladder.  He  made 
an  uneventful  recovery  from  the  operation  and  seems  to  be 
going  on  well. 

Case  of  Addison's  Ancemia,  cured  four  years  later  {No.  91) 

Evelyn  R.,  aged  49,  a  married  woman  with  nine  children, 
was  admitted  under  Dr.  Fawcett  in  INIay  1918.  For  four  years 
she  had  been  getting  weak,  and  two  years  before  admission  she 
had  an  attack  of  al^dominal  pain  and  vomiting  which  was 
diagnosed  gastritis.  She  noticed  that  she  was  rather  yellow. 
About  this  time,  and  for  some  years  previously,  she  had  hatl 
small  ulcers  in  the  mouth  whenever  she  got  run  down.  Nine 
months  before  admission  she  had  again  nausea  and  vomiting 
and  her  Aveakness  became  worse.  She  was  constipatctl,  and  at 
no  time  had  diarrhcra  except  when  she  was  being  treated  with 
large  doses  of  arsenic. 

On  admission  she  was  lemon-yellow,  and  had  a  moderately 
severe  anaemia.  A  count  by  Dr.  Nicholson  showed  red  cells  1-6 
millions,  hirmoglobin  46  per  cent.,  colour-index  1-5,  and  white 
cells  4300,  of  which  45  per  cent,  were  lymphocytes.  There 
was  marked  poikilo-  and  aniso-cytosis  with  jiolychromasia 
and  punctate  basophilia.  Nucleated  red  cells,  but  no  megalo- 
blasts,  were  present.  Her  spleen  was  not  palpable  and  there 
were  no  neurological  symptoms.  Her  mouth  was  clean,  as  all 
her  carious  teeth  had  been  extracted  in  1917.  Her  temperature 
varied  between  100  and  101  for  two  or  three  weeks  after 
admission.  She  was  treated  with  a  dozen  injections  of  iron 
cacodylatc  and  arsenic  by  the  mouth  in  increasing  doses,  con- 
tinued about  a  month  after  her  discharge  from  iiosjiital.  She 
was  discharged  after  four  months  in  hospital  nuich  improved, 
with  a  haMnoglobin  percentage  of  (kj.  She  continued  to  improve, 
and  five  months  later  was  able  to  return  to  her  full  household 
duties,  aufl  four  years  latei-.  when  we  saw  her,  she  had  iiad  no 
relapse.  Her  hiemoglobin  percentage  was  82,  her  blood  film 
was  normal,  and  she  seemed  in  perfect  health.     Although  she 
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never  suffered  from  diarrhoea,  and  had  no  trouble  of  any  sort 
"with  her  diiiestion,  a  fraetional  test-meal  shoAved  complete 
aeiilorhydria,  "without   rapid  em})tyin<;f. 

There  does  not  seem  to  be  any  doubt  about  the  diagnosis, 
but  four  years  of  good  health  is  not  quite  so  sure  a  proof  of 
cure  as  in  No.  93,  Avhere  there  were  seven  years  of  good  health. 
It  is  interesting  that  of  these  two,  one  luul  aeiilorhydria,  and 
the  other  had  a  normal  test-meal. 

Case  of  Addison's  Ancvmia  in  good  health  seven  years  later 

{Xo.  93) 

Ellen  K.,  aged  35,  was  admitted  under  Dr.  Fawcett  in 
August  1915.  In  November  1914  her  fifth  child  was  born. 
The  confinement  was  normal,  but  there  was  a  discharge  for  six 
weeks  afterwards,  which  was  more  than  on  other  occasions. 
In  March  1915  she  became  a  yellow  colour,  lost  her  appetite 
and  was  very  weak.  This  continued  until  admission.  Her 
ap])etite  became  Avorse,  she  had  constant  nausea  but  only 
vomited  once.  There  w^as  no  diarrhoea.  Fortunately  three 
blood  examinations  Avere  made  by  Dr.  Nicholson.  The  first 
showed  red  cells  one  million,  haemoglobin  20  per  cent.,  colour- 
index  1-0,  and  white  cells  3900,  of  which  20  per  cent,  w^ere 
lymphocytes.  There  was  marked  aniso-cytosis,  poikilo-cytosis 
and  basophil  staining.  Fifteen  normoblasts  were  counted  among 
500  cells.  The  other  blood  counts  gave  a  similar  picture,  but 
the  haemoglobin  gradually  increased  to  50  per  cent.  Excess  of 
urobilin  was  present  in  the  urine.  There  Avas  low  pyrexia  at 
the  beginning  of  her  stay  in  hospital.  Unfortunately  a  test-meal 
Avas  not  done,  there  Avas  no  note  about  the  size  of  the  spleen, 
and  megaloblasts  Avere  not  seen  in  the  three  films  examined. 
Both  from  the  clinical  point  of  vicAV  and  from  the  blood  picture 
there  Avas  no  reason  to  question  the  diagnosis  at  that  time. 
The  picture  Avas  much  more  complete  than  in  many  other 
cases,  Avhere  a  post-mortem  examination  proved  that  the 
diagnosis  Avas  correct. 

She  Avas  treated  Avith  arsenic  in  increasing  doses  for  about 
five  months.  She  Avas  six  Aveeks  in  hospital,  during  Avhich  time 
her  haemoglobin  rose  to  50  per  cent.  A  month  after  her  discharge 
she  felt  quite  Avell,  and  for  the  next  eight  years,  until  seen  in 
1922,  she  remained  absolutely  well  and  was  able  to  do  all  her 
ordinary  household  Avork.  In  1919  she  had  a  seven-months 
bal)y  Avho  did  not  live  long.  She  had  a  severe  haemorrhage  but 
no  return  of  her  ana-mia  or  yellow  colour.  The  same  year 
during  the  epidemic  she  had  an  attack  of  influenza,  from  which 
she  recovered  normally.  We  saw  her  in  March  1922,  and  could 
find  no  signs  of  disease.  Her  red  cells  were  4-5  millions,  her 
ha-moglobin  84  per  cent,  and  the  white  count  7G00.  A  blood 
film  was  normal.  A  fractional  test-meal  showed  no  free  acid  in 
the  first  three  specimens,  but  afterwards  a  normal  curve.  She 
still  had  five  septic  roots  Avith  marked  pyorrhcx-a  exactly  as 
noted  in  1915.     All  her  other  teeth  had  fallen  out  in  1897. 
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Case  of  Addison's  Ancemia  apparently  associated  with 
Suppuration  of  the  Frontal  Sinus  {No.  94) 

Elsie  L.,  aged  32,  was  admitted  under  Dr.  Beddard  in 
October  1919.  In  Deeeniber  191G  she  liad  an  operation  for 
disease  of  the  frontal  sinus,  wliieh  had  troubled  her  for  many 
years.  For  two  years  she  had  had  diarrha'a,  and  for  one 
year  attacks  of  vomiting.  Her  teeth  were  good,  but  she  had 
frequently  had  aphthous  ulcers  of  the  mouth.  There  was  low 
pyrexia,  the  spleen  was  not  palpable  and  there  were  no  neuro- 
logical symptoms.  A  blood  count  showed  red  cells  1-3  millions, 
hcTemoglobin  42  per  cent.,  colour-index  1-6,  and  white  cells 
3700,  of  which  32  jkt  cent,  were  lymphocytes.  There  was 
marked  aniso-  and  poikilo-cytosis  and  basophil  staining. 
Normoblasts  and  megaloblasts  were  present.  She  was  treated 
with  arsenic  and  blood  transfusions,  and  a  further  operation 
to  deal  with  the  sepsis  from  her  frontal  sinus,  and  improved 
considerably,  her  haemoglobin  rising  to  80  per  cent. 

Two  years  later  we  were  unfortunately  unable  to  see  her, 
but  heard  that  she  still  had  anaemia  and  had  needed  further 
blood  transfusions,  and  had  been  in  bed  for  eighteen  months. 
In  May  1922,  after  a  three-months'  course  of  vigorous  treat- 
ment, she  wrote  that  she  was  better  than  slie  had  been  for 
years  and  hoped  that  she  was  cured. 

Case  of  Anwmia   and  Suppurative   Nephritis   with  some  Post- 
mortem Changes  and  Blood  Count  typical  of  Addison's  Anamia 

{No.  113) 

Rupert  E.,  aged  31,  was  admitted  under  Sir  William  Hale- 
White  in  June  1916.  Six  months  previously  after  an  illness 
which  was  diagnosed  "  influenza "  he  became  anaemic.  On 
admission  he  had  a  slight  yellow  colour,  a  severe  anaemia  with 
little  change  in  the  nature  of  the  red  blood  cells,  and  blood 
and  albumen  in  the  urine.  His  liver  and  spleen  were  not 
palpable.  He  had  no  neurological  or  gastro-intestinal  symptoms 
and  his  test-meal  was  normal.  He  was  discharged  tiiree 
months  later  without  a  very  great  improvement  in  his  hiriuo- 
globin,  still  passing  large  quantities  of  blood  in  his  urine.  His 
gums  iiad  also  bled  on  four  occasions  since  the  beginning  of  his 
illness,  once  for  two  days. 

In  April  1917  he  was  readmitted  for  more  acute  sym])ioms, 
following  an  exacerbation  of  his  ha^maturia.  His  urine  con- 
tained blood  albumen  and  cylindrical  casts,  and  StapJi.  albus 
was  cultivated  from  it. 

In  June  1918  he  was  again  admitted,  and  died  two  months 
later.     His  blood  counts  were  as  follows:  — 

Red  cflls     Hirmo-     Colour-     Wliite     Aniso-    Poikilo-   Nucleated  Me?alo- 

(inillioiis).    globin.     index.        cells,     cytosis.    cytosis.    red  wlls.     blasts.    Lymphocytes. 

16.G.16.  1-6  30  0-9  3400  (+)    —  —  —  Sl^o 

24.8.16.  1-2  38  1-7  2600  -f- +   -f- +  —  —  39"o 

22.9.16.  1-9  44  1-2  2600    +     +  +  —  32"o 

24.4.17.  1-0  23  M  2300 ...-}-..,. -|-  +  —  47% 
1.6.17.  1-5  21  0-9  —     .     .     . 
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I'ost-mortrin  tlu'  lunns  were  crdeniatous,  there  were  tM)  o/. 
of  lliiitl  in  the  left  side  of  the  chest  and  1(5  o/,.  of  Ihiid  in  the 
perieanliuni.  Tlie  liver  did  not  give  Peil's  test.  There  was 
recent  endocarditis  of  the  mitral  valve  and  inl'arets  in  the 
spleen.  The  kidneys  contained  nudtiple  abscesses  and  gave  a 
marked  Prussian  bh>e  reaction. 

Case  of  Lvucancvmia  (A'o.   114) 

W\\\.  v.,  aged  27,  was  admitted  in  April  1910  under  Dr. 
I?eddard.  Five  years  bei'ore  the  glands  in  his  neck  eidargcd 
and  gradually  the  glands  in  the  groins  and  axilknc  also  enlarged. 
For  two  years  he  had  been  an;cmic.  On  admission  he  was  a 
yellowish  colour,  and  in  addition  to  the  enlarged  glands,  his 
spleen  could  be  felt  two  inelies  below^  the  costal  margin.  In 
May  his  h;cmoglo})in  was  50  per  cent.  In  June  a  blood  count 
by  Dr.  Price  Jones  gave  the  following  result — red  cells  one 
million,  haemoglobin  28  per  cent.,  colour-index  1-4,  and  white 
cells  16,000,  of  which  80  per  cent,  were  lymphocytes.  One 
nucleated  red  cell  was  seen,  l^cfore  his  death  in  July  the  white 
cells  were  said  to  have  risen  to  177,000,  of  which  over  90  per 
cent,  were  lymphocytes.  There  were  no  gastro-intestinal  or 
neurological  symptoms. 

Post-mortem  tliere  was  general  enlargement  of  the  lymphatic 
glands,  including  the  mediastinal  and  mesenteric  glands.  The 
bone  marrow  was  red  and  the  heart  showed  tabby-cat  striation. 
The  liver  and  spleen  (430  grms.)  gave  a  marked  Prussian  blue 
reaction.     The  kidneys  were  normal. 

Case  of  AncEmJa  and  Myxoedema  with  some  Post-mortem  Changes 
of  Addison''s  Anaemia  {\o.  115) 

l^harles  F.,  aged  52,  was  admitted  under  Dr.  Fawcett  in 
November  1920.  He  had  suffered  intermittently  for  seven 
years  with  weakness,  malaise  and  loss  of  weight.  During 
this  time,  and  especially  during  the  last  four  years,  he  had 
exceptionally  severe  ])yorrh(X'a  ah'colaris.  On  admission  his 
general  appearance  and  behaviour  were  characteristic  of  myx- 
cedema,  and  this  was  confirmed  by  a  greatly  reduced  basal 
metabolism. 

lie  was  anaimic-looking,  and  several  blood  examinations 
were  made.  The  red  cells  were  4-5  millions  per  c.mm.,  the 
haemoglobin  \aried  from  5G  to  59,  and  the  colour-index  from 
0-7  to  0-8.  His  white  cells  were  about  7-8000  and  lymphocytes 
varied  from  42  to  55  per  cent.  There  was  slight  aniso-cytosis, 
no  poikilo-cytosis,  no  basophil  staining  and  no  nucleated  red 
cells.  The  li\'er  and  spleen  were  not  palpable.  There  were  no 
neurological  or  gastro-intestinal  symptoms.  The  test-meal 
showed  achlorhydria  for  tlie  first  hour  with  a  subsequent  rise 
to  the  normal  figures.  The  knee  and  ankle  jerks  were  absent 
and  there  was  constantly  doubt  about  whether  the  plantar 
reflexes   were  really   extensor.     After  improving  for  a  month 
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on  tlixroid  extract  and  alter  the  rcnioxal  (»!"  his  tcttli.  lie  de- 
veloped a  septic  throat,  eoniunetivitis  and  otitis  nieiha.  SlapJi. 
aureus  was  grown  from  the  throat,  tlie  eye  and  the  ear.  His 
fever  persisted  for  ten  days  till  his  deatii. 

Post-mortem  the  thyroid  was  small  and  fil)rotie.  Tiie  li\er 
gave  a  marked  Prussian  blue  reaction.  Unfortimately  the 
spinal  cord  and  bone  marrow  were  not  examined. 

Case  of  Septiccemia  with  Post-mortem  Changes  typical  of  A  (hit  son's 
Anaemia  {Xo.  117) 

Alfred  B.,  aged  8,  was  admitted  under  Dr.  Newton  Pitt  in 
March  1913.  Four  months  previously  he  had  started  with  an 
acute  febrile  illness  with  pains  in  the  joints.  In  hospital  his 
temperatiu'c  generally  reached  lOl  in  the  evening.  His  colour 
was  yellowish.  There  were  no  neurological  or  gastro-intestinal 
symptoms.  The  average  of  two  blood  counts  was  red  cells 
1-2  millions,  haemoglobin  28  per  cent.,  white  cells  .35()(),  and 
colour-index  1-2.  A  blood  film  was  not  examined.  He  died 
ten  days  after  admission. 

Post-mortem  the  li\er  gave  a  strongly  j)ositi\e,  and  the 
spleen  and  kidneys  a  slightly  positive  Prussian  l)lue  reaction. 
The  bone  marrow  of  the  tibia  was  bright  red.  The  fat  was  a 
deep  yellow  colour  and  the  heart  showed  "tabby-cat  "  striation. 
A  blood  culture  taken  post-mortem  grew  Strept.  longus  and 
Staph,  aureus. 


NOTES    OX    A   CONSECUTIVE   SERIES   OF 
42ry  CxASTRIC  ANALYSES  BY  THE  FRACTIONAL 

:\IETIIOD 

By  J.  R.  BELL.  M.D..  M.lboumo. 

(From  the  Medico- Neurological  Clinic,  Guy's  Hospital,  and  New  Lodge  Clinic, 

Windsor  Forest.) 

There  are  many  fallacies  to  be  guarded  against  in  the 
fractional  method  of  gastric  analysis,  both  in  the  technique 
and  in  the  interpretation  of  the  results.  The  fact  that  various 
observers  have  carried  out  the  tests  in  this  series  prevents  the 
results  obtained  being  strictly  vmiform.  but  the  margin  of 
error  in  over  400  analyses  must  be  very  small. 

The  diagnoses  are  a  further  unavoidable  source  of  error, 
which  I  have  endeavoured  to  minimise  by  carefully  excluding 
all  cases  which  did  not  reach  a  high  standard  of  probaljility, 
and  distinguishing  these  with  a  prefixed  query. 

Thus  while  taking  every  precaution  to  make  this  classi- 
fication as  reliable  as  possible,  I  realise  that  both  the  classifica- 
tion and  the  conclusions  drawn  are  merely  tentative,  and  I 
bring  them  forward  with  these  reservations  in  the  hope  that 
they  may  be  of  some  interest. 

The  series  consists  of  243  analyses  made  on  Dr.  A,  F.  Hurst's 
private  patients  at  New  Lodge  Clinic,  Windsor  Forest,  during 
the  period  February  1921  to  [March  1922  inclusive,  and  182 
analyses  made  at  Guy's  Hospital  on  patients  in  Addison  and 
Mary  wards  under  Dr.  A.  F.  Hurst  and  Dr.  G.  H.  Hunt  during 
1920  and  1921,  and  on  various  out-patients.  It  thus  embraces 
both  private  and  hospital  patients  and  bed  and  walking  cases. 

The  series  is  a  consecutive  one  and  does  not  represent 
especially  selected  cases.  They  were  of  great  variety  :  all 
were  admitted  for  medical  diseases,  but  not  all  had  gastric 
symptoms.  In  the  majority  the  diagnoses  were  made  on 
clinical  grounds,  and  on  evidence  afforded  by  various  special 
investigations,  those  confirmed  by  operation  or  autopsy  being 
greatly  in  the  minority. 

A  purely  arbitrary  method  of  classification  has  been  adopted, 
based  upon  a  comparison  between  the  free  hydrochloric  acid 
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curves  Avitli  thr  area  plotted  l)y  Ikunett  and  H\  le  ^  to  contain 
the  curves  of  80  per  cent,  of  normal  people  (Fig.  1). 

Almost  every  curve  could  he  easily  placed  into  one  of  the 
followinof  groups — 

I.  .Ichlorhydria,  in  which  free  hydrochloric  acid,  as  deter- 
mined by  dimethylamidoazobenzcnc  indicator,  is  present  at 
no  period  of  the  analysis. 

I  am  aware  that  this  interpretation  of  achlorhydria  as  a 
true  achlorhydria  is  open  to  criticism,  but  no  other  indicator 


IO(-036) 
N 

lONaOH 
(%HCL.3 

Fig.  1. 

The  shaded  area  represents  the  limits  of  free  HCI  (dimethj'l  indicator),  in 
80  per  cent,  of  normal  people. 

represents  free  HCI. 

The  method  of  classification  of  curves  adopted,  as  illustrated  by  average 
examples  of  each.  I,  II.  Ill,  etc.,  refer  to  the  types  as  detailed  in  tiie  text. 

was  used  in  the  great  majority  of  the  titrations,  and  the  term 
is  used  here  purely  as  defined  above. 

II.  Ili/pocJilorlii/dria,  in  which  the  curve  has  not  exceeded 
the  10  unit  (0-0;50  per  cent.  HCI)  line. 

III.  Lozv  Xonnal,  in  which  the  curve  I'ollows  the  lower  limit 
of  the  80  per  cent,  normal  area.  Many  of  these  are  closely 
allied  to  the  hypochlorhydria  group,  but  on  the  wliole  it  was 
considered  advisable  to  separate  them. 

IV.  Xornial,  corresponding  to  the  central  zone  in  which 
liennctt  and  Hyle  found  .50  per  cent,  of  the  ciu-ves  of  normal 
people. 

V.  High  Xonnal,  in  which  the  curves  approximated  to  the 
upper  limit  of  the  80  per  cent,  nonual  area,  and  even  exceeded 
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it  sonK'\vliat.  thus  risir\in<>'  lor  [\\v  last  oroup  uiulouhlcd 
cases  (>r  h\  pcrcIilorliN  (Iria. 

VI.  lli/jxrchlorhi/drid.  in  none  of  Avhicli  was  the  free  IICl 
lower  than  (U)  units  (()-*_*l!)  per  eent.  IIC'I)  at  one  or  more  periods 
of  the  analysis. 

l)oul)trul  easi's  ol'  hyjH'rehlorhydria  ha\'e  hecMi  included 
with  \hc  hii)h  normals. 

This  method  of  classification  would  he  mislea(lint>-  had  not 
one  person  interpreted  the  whole  series  in  a  unil'orm  luanner. 

Table  I 

The  scries  classified  under  the  six  headings,  with  reference  to  age  and  sex. 
Six  cases  of  over  seventy  years  of  age  are  inckuled  in  tlic  last  decade.  No 
children  under  ten  years  old  were  examined. 


Achlorhydria. 

Hypochlorhydria. 

Low  Kormal. 

Normal. 

High  Normal. 

Hyperchlorhydria 

Decades. 

Male. 

Female. 

Male. 

Female. 

Male. 

0 

Female. 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

11-20 

0 

0 

0 

0 

1 

2 

3 

0 

0 

0 

0 

21-30 

3 

4 

1 

3 

5 

7 

9 

15 

1 

7 

12 

3 

31^0 

5 

9 

7 

8 

6 

4 

16 

13 

10 

6 

12 

15 

41-50 

12 

10 

6 

13 

5 

8 

15 

19 

12 

3 

17 

4 

51-60 

5 

7 

8 

3 

2 

7 

12 

4 

6 

1 

20 

6 

61-74 

7 

1 

2 

2 

0 

1 

4 

0 

0 

1 

10 

5 

Total 

32 

31 

24 

29 

18 

28 

58 

54 

29 

18 

71 

33 

63 


53 


46 


112 


47 


104 


Table  I  shows  the  age  incidence  in  decades  of  the  various 
curves.  Through  the  courtesy  of  Dr.  T.  Izod  Bennett  and 
Dr.  J.  A.  Ryle,  I  have  had  access  to  the  protocols  of  the  100 
normal  students,  whose  gastric  secretion  they  investigated.  I 
have  classified  them  in  the  same  manner  as  the  present  scries, 
thus  obtaining  an  interesting  comparison,  Avhich  is  seen  in 
Table  IT. 

Table  IT 

A  percentage  comparison  between  the  present  series  and  tlic  series  of  100 
normal  people  examined  by  Bennett  and  Ryle,  both  being  classified  in  the 
manner  described. 


'Achlor- 
hydria. 

Hypoclilor- 
hydria. 

Low 
Normal. 

Normal. 

iriKii 

Normal. 

Hy])erchlor- 
liydria. 

"  Normals  "    . 
(Bennett  and  Ryle) 

4% 

1% 

10% 

59% 

18% 

8% 

I'resent  Series 

14-8  % 

12-5  % 

10-8  % 

26-4  % 

11-1% 

24-4% 
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This  slioAvs,  as  would  be  expected,  tluil  the  percentage 
falling  Avltliin  normal  limits  is  much  lower  in  the  present  series, 
and    that   the    d(  licit    is    maiuK'    due   to   the    orcatK'    increased 


fiQE-> 


IE 


O        ?3       "^       ^       2;       3 


AGE 


Y 


I  =    /IcMor/iydr/a  H  =  HypocMorliydna         IE  '  Low  Normal 

W'     Normal  'SL  =■  Hi^h  Normal  YL  "  Hy/JcrcMorliydria 

Fig.  2. 

A  diagrammatic  representation  of  tlio  relative  nuinljer  of  cases  in  the  various 
age  decades,  groupeci  under  tlie  six  lieadings. 

number  of  cases  with  cxtrcnulv  low  curves.  Thus,  coml)in- 
ing  the  achlorhydrias  with  the  hypochlorhydrias,  there  are 
27-3  per  cent,  contrasted  with  5  j)er  cent,  in  the  normal 
scries. 

The  next  point  is  shown  more  clearly  l)y  Fig.  2,  in  which 
it  will  l)e  seen  that  hyperehlorhydria  is  relatively  much  more 
frequent  after  the  middle  decade  (H  .'>()),  as  conipand  with 
the  decade  incidence  of  the  other  ty|)es. 
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This  is  of  inti'rt'st,  autl  dcliiiiUly  disproves  tlic  prcvulcnt  idea 
that  the  acidity  of  the  gastric  secretion  tends  to  become  less 
with  advancing  age.  Ilanehovg,-  oT  C'hristiania,  in  his  mono- 
graph on  The  Effects  of  .llcohol  upon  Diiirstion  in  tlw  Stomach, 
is  one  of  tlie  most  recent  Avritcrs  who  subscribe  to  this 
view. 

Actually  there  were  G2  cases  ol'  hyperehlorliych'ia  in  patients 
over  forty  years  of  age,  as  compared  with  42  cases  under 
forty  years,  and  no  fewer  than  20  were  of  sixty  years  and 
upwards. 

AVith  regard  to  sex,  it  will  be  seen  that  in  the  series  there 
were  232  males  and  193  females.  In  order  to  reduce  these 
figures  to  a  common  standard  for  purposes  of  comparison,  the 
number  of  female  cases  is  multiplied  by  the  factor  1'2,  and  the 
result  shown  in  Table  III  is  obtained. 


Table  III 

A  comparison  between  the  sexes  of  the  various  types  of  curves,  with 
reference  to  the  number  of  cases,  percentage  incidence,  and  average  age  of  each 
group. 


Males. 

Females. 

Type  of  Curve. 

Number. 

%  of 
Total 
Males. 

Average 
Age. 

Total 

Average 

Age. 

Number. 

%of 

Total 

Females. 

Average 
Age. 

Total 

Average 

Age, 

Aclilorhydria 
Hypocliiorhydria    . 
Low  normal 
Normal 
Higli  normal 
Hypcrchloihydria  . 

32 
24 
18 

58 
29 
71 

13-8 
10-3 
7-7 
251 
12-5 
30-G 

52-0 
46-5 
39-1 
42-0 
42-9 
47-0 

.45-2 

37-2 
34-8 
33-6 
04-8 
21-6 
39-6 

161 
15-0 
14-5 
28-0 
9-3 
171 

43-9 
43-7 
41-7 
35-8 
34-8 
43-9 

401 

Thus  it  would  appear  that  w^omen  preponderated  over  men 
in  the  lower  curves  (excluding  aclilorhydria)  by  G8-A  to  42, 
and  men  over  w'omen  in  the  higher  curves  by  100  to  01 -2. 

This  is  of  considerable  importance  in  interpreting  the 
curves  of  the  two  sexes,  a  moderate  degree  of  hyperchlorhydria 
in  a  woman,  for  example,  being  more  noteworthy  than  the  same 
degree  in  a  man. 

Fig.  3  brings  out  the  difference  more  clearly. 

Tabulating  the  various  diagnoses  under  the  six  types  of 
curves,  and  bearing  in  mind  that  those  preceded  by  a  query 
are  open  to  doul^t,  and  merely  represent  the  most  probable 
diagnosis,  it  is  possible  to  draw  u])  Table  IV. 
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Where  more  than  one  disease  M'as  present,  that  most  likely 
to  influence  the  gastric  secretion  is  mentioned;  in  cases  where 
this  could  not  be  done  \vith  rcasona])lc  pr()ba1)ility.  the  diseases 
are  included  under  separate  headin<fs. 

Diseases  with  a  total  number  less  tiian  i  are  not  included, 
unless  of  peculiar  interest. 

Table  IV 

Detailed  classification  of  the  curves  of  gastric  acidit}-  in  various  diseases. 


Number 

Aclilor- 

Ilypochlor- 

I>o\v 

^nrrml 

HiRh 

Hyperch  lor- 

JJltl^UOSlS* 

of  Cases. 

hydria. 

hydria. 

Normal. 

i.1  Ul  iU«l  1  ■ 

Normal. 

hydria 

Alimentary  System  : 

Chronic  rJastritis 

(including  Alcoholic) 

11 

5 

2 

1 

0 

2 

1 

Gastric  Ulcer 

24 

1 

3 

4 

5 

6 

5 

?  Gastric  Ulcer 

18 

1 

2 

3 

1 

5 

6 

Carcinoma  of  Stomach 

10 

3 

3 

2 

1 

1 

0 

?  Carcinoma  of  Stomach 

3 

2 

0 

1 

0 

0 

0 

Duodenal  Ulcer        .      "    . 

34 

0 

0 

4 

3 

9 

18 

?  Duodenal  Ulcer    . 

10 

1 

0 

1 

3 

1 

4 

Nervous  D^'spepsia 

37 

2 

4 

3 

10 

3 

15 

Gastro-jejunostomy 

sequel  c-c 

22 

4 

4 

5 

4 

1 

4 

Hysterical  Vomiting 

6 

0 

1 

1 

3 

1 

0 

Gallstones 

7 

1 

0 

0 

4 

1 

1 

Cirrhosis  of  Liver     . 

3 

1 

0 

0 

1 

0 

1 

Carcinoma  of  Pancreas 

2 

2 

0 

0 

0 

0 

0 

?  Carcinoma  of  Pancreas 

2 

2 

0 

0 

0 

0 

0 

Chronic  Pancreatitis 

I 

1 

0 

0 

0 

0 

0 

Carcinoma  of  Colon 

3 

0 

0 

0 

0 

1 

2 

?  Carcinoma  of  Colon 

2 

1 

0 

0 

1 

0 

0 

Chronic  Colitis 

11 

0 

2 

2 

4 

3 

0 

Ulcerative  Colitis     . 

3 

0 

0 

0 

1 

1 

1 

Enterospasm  . 

4 

0 

0 

0 

3 

0 

1 

Visceroptosis  . 

(including  (Jastroptosis) 

19 

2 

5 

5 

3 

0 

4 

Chronic  A])pendicitis 

13 

3 

0 

1 

5 

1 

3 

Constipation   . 

12 

1 

1 

1 

7 

1 

1 

Diarrhwa 

4 

1 

0 

1 

2 

0 

0 

Indiscriminalc  : 

Addison's         (Pernicious) 

An;emia 

6 

6 

0 

0 

0 

0 

0 

Secondary  Atuemia 

5 

2 

0 

0 

3 

0 

0 

Subacute    Coml)ined    De- 

generation of  Cord 

3 

3 

0 

0 

0 

0 

0 

Tabes  Dorsalis 

\) 

1 

1 

.) 

2 

1 

2 

Disseminated  Sclerosis 

8 

0 

1 

1 

4 

2 

0 

Rheumatoid  Arthritis 

8 

3 

1 

1 

0 

0 

3 

r'ibrositis 

5 

2 

2 

0 

0 

1 

0 

Asthma 

4 

1 

I 

0 

0 

1 

1 

Addison's  Disease     . 

2 

1 

I 

0 

0 

0 

0 

Neurasthenia 

20 

2 

6 

1 

5 

1 

r, 

Psyehasthenia 

11 

1 

2 

1 

5 

2 

0 

Hypochondriasis 

1    ' 

0 

0 

0 

2 

0 

1 
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The  next  table  (Table  V)  represents  a  eomparison  by  per- 
centaixes  bet\vi'en  various  diseases  seleeted  from  Table  IV 
anil  the  normals  of  Bennett  and  Ryle. 

It  requires  no  elal)oration,  but  perhaps  the  emphasising  of 
certain  points  may  be  of  value. 

1.  Gastric  L'hrr  and  Duodenal  Ulcer.— h\  the  gastric  ulcer 
cases,  males  and  females  Avere  evenly  represented,  there  being 
11  of  the  I'ovuwv  and  13  of  the  latter.  The  average  age  was 
U)-.*)  years,  and  tlu  re  was  no  dehnite  decade  incidence. 

Hypo-  Low,        ^,         ,       ^Hi^K         I^M^I- 

AcMorfiydria 'cfilorKyJr/d    Normal        Normal       Normal      chlorhydna 


Fig.  3. 

Diagram  illustrating  the  relative  frequency  of  low  curves  of  gastric  acidity 
in  <vomen  as  compared  with  men,  and  the  relative  frequency  of  high  curves  in 
men  as  compared  with  women. 

In  the  duodenal  ulcer  cases  males  greatly  exceeded  females, 
there  Ijeing  28  of  the  former  and  only  G  of  tlie  latter,  i.  e.  duodenal 
ulcer  was  more  than  four  times  as  frecpient  in  males  as  m 
females.  The  average  age  was  45-6  years,  and  it  was  found 
that  duodenal  ulcer  was  relatively  uncommon  under  thirty 
years  of  age. 

The  decade  incidence  of  the  two  conditions  was  as  follows— 


Decade. 

Gastric  U  leer. 

Duodenal  Ulcer 

1st 

0 

0 

2nd 

0 

0 

3rd 

6 

4 

4th 

6 

9 

5th 

8 

9 

6th 

5 

9 

7th 

0 

2 

8th 

0 

1 
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Anotlur  point,  conririiiin<^  inauy  recent  observations,  is 
the  variability  of  tlie  acidity  in  gastric  nicer  from  complete 
achlorhydria  to  hyj)erchl()rhy(lria.  This  is  in  marked  contrast 
to  the  delinite  tendency  to  a  high  curve  of  acidity  in  duodenal 
ulcer. 

2.  Gastro-jcjunostomy. — These  naturally  represent  the  surgical 
failures,  and  this  accounts  for  the  relatively  high  i)roportion 
which  still  have  free  HCl. 

They  were  complicated  with  jejunal  or  gastro-jejunal  ulcers, 
or  the  symptoms  which  the  operation  had  sought  to  relieve 
were  still  present,  or  other  symptoms,  generally  indicative  of 
entero-colic  irritation,  had  developed. 

No  complications  occiu-ring  after  a  gastro-jt'junostoniy  had 
been  performed  are  included  under  their  respective  headings 
in  the  classified  list. 

3.  Chronic  Appendicitis. — Although  the  total  number  of 
eases  is  very  small,  it  will  be  seen  that  some  w'ere  associated 
with  complete  absence  of  free  IICl  in  the  gastric  contents, 
and  some  with  hyperehlorhydria. 

Dr.  A.  F.  Hurst  has  suggested  that  when  the  appendicitis 
is  associated  with  achlorhydria,  the  former  is  secondary  to 
the  latter,  the  defensive  barrier  of  the  gastric  hydrochloric 
acid  being  absent,  so  that  infection  of  the  lower  alimentary 
tract  is  more  likely  to  occur.  "When  the  appendicitis  is, 
on  the  other  hand,  accompanied  by  hyperehlorhydria,  he 
believes  that  the  latter  may  be,  like  the  gastric  symp- 
toms of  ajipendix  dyspei^sia.  a  reflc^x  manifestation  ol"  the 
former. 

4.  Rheumatoid  Arthritis. — A  striking  proportion  of  achlor- 
hydria and  low  curves  is  seen;  this  is  of  considerable 
interest,  although  the  percentage  of  hyperehlorhydria  can- 
not be  overlooked.  The  absence  or  gross  deficiency  of 
hydrochloric  acid  in  the  gastric  juice  of  those  people  who 
have  oral  sepsis  renders  them  peculiarly  lial)le  to  intestinal 
infection,  as  in  the  association  of  appendicitis  with  aelilor- 
hydria. 

Thus,  in  the  treatment  of  such  cases  of  rluuniatoid  arthiilis, 
the  administration  of  hydrochloric  acid  is  of  great  importance, 
in  addition  to  dealing  with  the  oral  s(>]-»sis  and  infection  of  the 
intestine. 

5.  Addison's  .tnaniia.  The  constancy  of  the  achlorhydria 
in  this  snudl  series  is  in  agreement  with  other  recent  statistics 
both  ))ublished  and  unj)ul)lished.  The  absence  of  free  hydro- 
chloric  acid    is   shown    in    an   e\-en    more   striking   niainici'   than 
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1)\-  the  old  oiu'-hour  ti-st  meal  analysis,  for  it  is  constant 
thronghout  thi'  whole'  tt'st,  and  even  the  cnrvc  of  total  acidity 
rarely  rises  to  any  appreciable  extent  above  the  10  \niit  (0-036 
per  cent.  IK'l)  line.  Furthermore,  the  achlorhydria  is  a  com- 
plete one.  lV)r  there  is  no  reaction  to  litnnis  or  congo-rcd 
indicators. 

0.  ('(ircinofNd  oj'  SlmiKic/i.  W\  these  cases  Avere  proved  by 
oji(rati(tn  or  ]>ost-mortem.  and  it  is  vei'y  instructive  to  note 
the  small  i)roportion  Avith  absent  i'ree  liCl,  as  compared  with 
the  constant  achlorhydria  of  Addison's  an;emia.  This  may  on 
occasion  i)r()\e  a  usel'ul  point  in  the  differential  diagnosis  of  the 
two  conditions. 

7.  Disorders  of  lite  Pancreas. — Although  the  numbers  arc 
so  small,  it  surely  must  be  more  than  mere  coincidence  that 
the  live  cases  of  carcinoma,  probable  carcinoma,  and  chronic 
inflanunation  of  the  pancreas,  are  without  exception  associated 
with  achlorhydria,  A  more  recent  case,  not  included  in 
this  series,  in  which  the  diagnosis  of  chronic  pancreatitis 
could  be  conlitlently  made,  also  showed  complete  achlor- 
hydria. 

TA15LE    V 

A  comparison  between  the  percentage  incidence  of  the  six  types  of  curves  in 
various  diseases,  with  the  normal. 


Percentages. 

Number 
of 

Disease. 

Cases. 

Achlor- 

Hypochlor- 

Low 

„        I 

High 

Hyperchlor 

hydria. 

hydria. 

Normal. 

Normal. 

hydria 

Normal 

100 

40 

1-0 

100 

59-0 

180 

8-0 

(Bennett  and  Ryle) 

Chronic  Gastritis 

11 

45-4 

181 

9-0 

0 

181 

9-0 

Gastric  Ulcer 

24 

41 

12-5 

16() 

20-8 

25-0 

20-8 

Carcinoma  of  Stomach 

10 

30-0 

300 

200 

100 

100 

0 

Duodenal  Ulcer    . 

34 

0 

0 

11-7 

8-8 

26-4 

53-0 

Nervous  Dyspepsia 

37 

5-4 

10-9 

8-1 

27-0 

8-1 

40-5 

Gastro-jejunostomy 

sequela;    . 

22 

18-1 

18-1 

22-7 

18-1 

4-5 

181 

Visceroptosis,   including 

Gastroptosis 

19 

10-5 

26-3 

26-3 

15-7 

0 

210 

Gallstones    . 

7 

14-2 

0 

0 

571 

14-2 

14-2 

Chronic  Appendicitis     . 

13 

23-0 

0 

7-6 

38-4 

7-6 

231 

Addison's  Anaemia 

6 

1000 

0 

0 

0 

0 

0 

Tabes  Dorsalis 

9 

111 

111 

22-2 

22-2 

111 

22-2 

Disseminated  Sclerosis 

8 

0 

125 

12-.5 

500 

25-0 

0 

Rheumatoid  Arthritis   . 

8 

37-.5 

12-5 

12-5 

0 

0 

.37-5 

Neurasthenia 

20 

100 

300 

50 

25-0 

50 

25-0 

Psychasthenia 

11 

90 

181 

90 

45-4 

18-1 

0 
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Table  VI 

A  comparison  of  certain  diseases  by  the  percentages  of  low,  normal,  and 
high  curves  of  gastric  acidity.  "  Low  "  curves  arc  taken  to  include  achlorhy- 
dria,  hypochlorhvdria,  and  low  normal  curves;  "high"  curves  include  high 
normal  and  hypcrchlorhydria  curves. 


Percentages. 

Low. 

Normal. 

High. 

Normal    .... 
Chronic  Gastritis 
Gastric  Ulcer    . 
Carcinoma  of  Stomach 
J)uodenal  Ulcer 
( Jast  ro- jojunostomy  sequelae 
Chronic  Appendicitis 
Kheumatoid  Arthritis 

1.50 
72-5 
33-2 
80-0 
11-7 
590 
30-6 
62-5 

590 

0 
20-8 
100 

8-8 
181 
38-4 

0 

260 
271 
45-8 
10-0 
79-4 
22-6 
30-7 
37-5 

On  cxaniiniiifT  the  cases  met  Avitli  under  the  six  Iieadings  the 
followintj  int'orniation  is  obtained — 


1.  Achlorhydria  Group. 

Males  .      32         Average  age 

Females     .      31 


Total 


63 


52  0 
43  0 

46-4 


The  order  of  frequency  of  the  various  conditions  Avas  as 
follows — 

Addison's  anaMiiia      .  .  .  .0  cases 

Sul)aeute  combined  degeneration  of  cord 

(two  with  defmite  Addison's  anaemia)     5      ,, 
Chronic  gastritis 
Gastro-jejunostomy  sequeht 
Carcinoma  of  stomach 
Rheumatoid  arthritis 

2.   Ifi/pochlorhi/dria  Group. 

Males  .      24  Average  age     . 

Females      .29.  ,,  ,,      . 


5 

'5 

4 

J5 

3 

55 

3 

»J 

4(r5 

43-7 

Total 


53 


450 


The   order  of  frequency  of  the   various   conditions   was   as 
follows — 

Neurasthenia    .  .  .  .  .      fi  cases 


Visceroptosis  (iiicltiding  gastropt 
(iastro-jejunostoniy  seipiehe 
Nervous  dyspej)sia 
Carcinoma  of  Stomacli 
Gastric  ulcer 
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3.   I.(Kc  Xornidl  Group. 

Males  ,      18         Average  age 

Females     .      28 


80  1 
4.1-7 


Total  .40  „  „      .  .      40-7 

The   order   of  IVecjueney   of  the   vai'ioiis   eonditions   was   as 
)llo\vs — 

A'iseero})tosis  (ineliuling  gastroptosis) 
Gastro-jejimostomy  sequelae 
Gastric  iileer     .... 
Duodenal  ulcer 
Nervous  dyspepsia     . 

4.  Xoniial  Group. 

Males  .      58         Average  age    . 

Females     .54  ,,  ,,      . 


Total 


112 


.    b 

cases 

.      5 

5  J 

.      4 

5> 

.      4 

•>■> 

.      3 

>> 

420 

35-8 

• 

39  0 

The  order  of  frecjueney  of  the   various  conditions  was  as 
follows — 

Nervous  dysj)epsia 
Constipation    . 
Chronic  appendieitis 
Gastric  ulcer 
Neurasthenia 


Psychasthenia 
Gastro-jejunostomy 
(iailstones 
Chronic  colitis 


scquehr 


5.  High  Xontial  Group. 

Males  .     29         Average  age 

Females     .18 


.      10 

cases 

7 

6 

5 

5 

5 

4 

4 

4 

42-9 

34-8 

Total 


47 


39-7 


The  order  of  i"re(piency  of  the   vai-ious  conditions  was  as 
follows — 

Duodenal  ulcer 

(iastric  ulcer     .... 

Nervous  dyspepsia     . 

Chronic  colitis  .... 

6.  Ilyperchlorhijdria  Group. 

Males  .     71         Average  age    . 

Females     .33  ,,  ,,      . 


9 

eases 

6 

J5 

3 

5? 

3 

5? 

470 

43-9 

Total 


104 


460 
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The  order  of  frequency  of  the  various  conditions  was  as 
follows — 

Duodenal  nicer         .           .  .  .18  cases 

Nervous  dyspepsia  .           .  .  .  15  ,, 

Gastric  ulcer              .           .  .  5  ,, 

Neurasthenia             .           .  .  .  o  ,, 

Gastro-jcjunostoiny  setjuche  .  .  •!•  ., 

Visceroptosis  (inehiding  gastroptosis)  4-  ,, 

Chronic  appendicitis           .  ,  .  3  ,, 

l{heumatoid  artin'itis         .  .  .  3  ,, 


Rate  of  Emptying  of  Stomach   in  .Ichlorhydria 

The  statement  is  frequently  made,  and  it  woidd  appear 
to  be  the  general  belief,  that  when  free  hydrochloric  acid  is 
absent,  the  stomacli  empties  nuich  more  rajiidly  than  normal. 

There  are  considerable  variations  in  the  time  taken  for 
even  normal  stomachs  to  empty,  but  Bennett  and  Ryle  ^  found 
that  the  average  time  was  1-9  hours,  using  the  standard  meal 
of  oatmeal  gruel. 

In  the  same  way,  achlorhydria  cases  may  empty  as  early 
as  0-5  hours,  but  there  may  also  be  marked  delay,  even  up  to 
3-25  hours,  as  observed  in  the  j)resent  series. 

It  was  not  possible  to  ascertain  exactly  the  relative  import- 
ance of  the  several  factors  influencing  the  rate  of  emptying 
of  the  stomach  in  a  sufllciently  large  number  of  cases.  A  fair 
comparison  may,  however,  he  made  with  the  normal  average 
time  of  1-9  hours,  and  this  has  been  done. 

Of  the  G3  cases  of  achlorhydria,  51  Avcre  selected  as  being 
reliable  for  this  ])urpose.  Those  excluded  Avere  not  those 
showing  rapid  emptying,  but  consisted  mainly  of  analyses  where 
a  note  as  to  the  time  of  emptying  had  been  omitted. 

The  total  time  of  emptying,  as  determined  by  the  al)sence 
of  a  strong  starch-iodine  colour,  was  82  hoiu's,  giving  an 
average  rate  of  IGO  hours. 

Specimens  containing  traces  of  starch  were  not  considered 
as  evidence  of  appreciable  quantity  of  food  remaining  in  tlic 
stomach,  and  were  not  included.  The  sugar-reaction  was  not 
noted  in  the  majority  of  the  analyses,  and  has  not  bei-n  accepted 
as  an  indication  of  the  presence  of  food  in  the  stomach. 

Of  these  51  cases,  there  were  19  in  which  the  test  had  l)i'en 
terminated  although  starch  was  still  i)resent  in  the  last  sj)eci- 
men.  It  would  be  unfair  to  include  7  of  these  cases  in  which 
the  test  ended  at  l.l  hours  or  less,  for  there,  was  no  cvidi-ncc 
that    the    stomach    was    empty    at    that    stage.     Further,    the 
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inclusion  of  the  rcnuiining  12  analyses  unct)nipletcd  at  I4  hours 
and  upwards,  fully  compensates  for  the  exclusion  of  the  7. 

The  total  time  of  eniptyinsr  of  the  !•  1  eases  was  73-25  hours, 
giving  an  average  time  of  l-(3()  hoiu's.  In  my  opinion,  this  is 
the  minimum  average  figure  for  the  time  of  emptying  of  the 
stomach  in  this  series  of  aehlorhydria  cases. 

Thus,  the  average  rate  of  emptying  of  the  stomach  in  cases 
of  aehlorhydria  is  only  a  quarter  of  an  hour  less  than  the  average 
normal  rate. 

The  above  conclusion  is  based  upon  the  fractional  method 
of  gastric  analysis  alone,  and  it  was,  unfortunately,  impossible 
to  confirm  the  results  by  x-ray  examination. 

These  iigures,  however,  seem  to  suggest  that  rapid  emptying 
of  the  stomach  in  cases  of  aehlorhydria  is  not  the  rule. 

In  conclusion,  I  wish  to  thank  Dr.  A.  F.  Hurst  for  his 
advice  whilst  compiling  these  notes,  and  for  permission  to 
publish  them. 
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OBSTRUCTIOX    OF    THE    URETER    BY 
ABNORMAL  REXAL  BLOOD-VESSELS 

By  R.  P.  ROWLANDS,  M.S.,  Surgeon  to  Guy's  Hospital. 

The  object  of  this  conmuinication  is  to  draw  attention  to 
the  importance  of  kinking  of  the  ureter  over  an  abnormal  blood- 
vessel as  a  cause  of  renal  colic,  hydronephrosis  and  stone  in  the 
kidney.  In  1894.  Newton  Pitt  ^  drew  special  attention  to 
"  aberrant  renal  vessels  as  a  cause  of  hydronephrosis  "  and 
showed  before  the  Pathological  Society  five  specimens  taken 
from  the  post-mortem  room.  Three  of  these  are  in  the  Ciuy's 
Hospital  Museum  (Spec.  1G93,  1694,  1695),  and  Sir  Henry 
Morris  ^  figures  two  of  them  in  his  classical  work  on  Si(r<iical 
Diseases  of  the  Kidney  and  Ureter. 

Commenting  on  these  specimens,  Newton  Pitt  said  :  "  Though 
but  few  cases  of  hydronephrosis  due  to  aberrant  vessels  have 
been  recorded,  it  certainly  is  not  very  uncommon.  This 
association  is  frequently  overlooked,  owing  to  the  kidneys  being 
removed  singly  from  the  body.  Dr.  Fagge  refers  to  hycbo- 
nephrosis  due  to  a  hypothetically  misplaced  vessel,  but  most 
authorities  overlook  it  altogether.  Sir  William  Rt)berts  refers 
in  his  work  on  Urinary  and  Renal  Diseases  to  two  among  fifty- 
two  cases  of  hydronephrosis  in  which  a  supernumerary  ri-nal 
artery  compressed  the  ureter  near  its  origin.  .  .  .  As  a  practical 
point  in  operating  upon  cases  of  hydronephrosis  without  obvious 
cause,  it  would  be  worth  while  to  examine  the  lower  and 
posterior  part  of  the  pelvis,  near  the  orifice  of  the  ureter,  for 
an  aberrant  vessel,  and,  if  found,  it  niight  l)i'  ligatured  and 
divided,  probably  with  tiie  best  results." 

In  spite  of  these  writings  by  old  Guy's  men,  so  few  prac- 
titioners know  of  this  condition  that  it  is  usually  overlooked 
for  years;  the  patient  suffers  from  repeated  attacks  of  si'vere 
pain,  and  ultimately  the  affected  kidney  becomes  seriously 
damaged  before  relief  is  given  by  operation.  Some  of  my 
patients  had  consulted  a  great  many  doctors  and  specialists 
before  a  correct  diagnosis  was  made  and  a  cure  affonk-d  l)y 
operation  (sec  Cases  11  and  12). 

Dietl  in  1861.  described  these  "crises"  in  connection  witli 
moval)le  kidney,  and  attributed  tiiem  to  twisting  or  kinking  of 
the  renal  vessels  or  ureter  by  the  descent  of  the  kidney.  Hut 
Dietl's    crises    mav    occur    without    abnormal    juobilitv    of   the 
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kidney,  iiiul  tlu-y  have  nolhino-  to  do  with  obsti-uctioii  ol"  the 
renal  vessels.  They  are  due  to  obstruction  of  the  lu'eter, 
eausin^  intermittent  liydronephrosis.  ]Mol)iiity  of  the  kidney, 
primary  or  seeondary  to  the  hydronephrosis,  may  aggravate 
tlie  symptoms,  but  ajxirt  from  obstruction  of  the  ureter, 
movable  kidney  is  of  little  importance,  although  many  symptoms 
are  "wrongly  attributed  to  it. 

I  have  met  this  condition  twelve  times  in  tlie  last  twelve 
vears:  I  published  eight  examples  in  1017.^  Congenital  stric- 
ture with  valve  formation  at  the  junction  of  the  ureter  and 
pelvis  of  the  kidney  is  another  important  cause  of  similar 
symptoms,  which  cannot  l)e  discussed  fully  here.  These  abnor- 
malities xcill  be  found  to  be  not  uneoninion  if  the  pelvis  and  the 
ureter  are  carefully  examined  as  a  routine  and  essential  part  of 
ever//  Jadneij  operation.  Nephropexy  should  never  be  performed 
until  obstruction  of  the  lu-eter  has  been  definitely  excluded  as 
a  cause  of  the  symptoms.  Many  failures  of  nephropexy,  like 
Case  C,  are  imdoubtedly  due  to  mistaken  diagnosis.  Similarly, 
nephrolithotomy  is  not  likely  to  be  permanently  successful  if 
the  stone  has  been  caused  by  an  obstruction  of  the  ureter,  which 
is  not  discovered  and  relieved  at  the  operation.  In  three  cases 
illustrating  this  paper — Cases  3,  7  and  10 — stones  had  formed 
behind  the  obstruction  caused  by  an  abnormal  renal  vessel. 

The  early  recognition  and  treatment  of  this  condition  relieves 
the  patient  from  frequent  and  disabling  attacks  of  pain  and 
saves  the  kidney  from  gradual  destruction. 

Pathology 

The  main  renal  vessels  and  their  branches  pass  in  front  of 
the  renal  pelvis  to  reach  the  hilum  of  the  kidney,  but  one  of 
the  four  or  five  branches  of  the  renal  artery  or  vein  usually 
passes  behind  the  pelvis,  as  a  rule  at  too  high  a  level  to  obstruct 
the  narrow  outlet  into  the  ureter.  Occasionally,  however,  an 
abnormal  renal  vessel  crosses  the  origin  of  the  ureter  on  its  way 
to  the  lower  pole  of  the  kidney.  This  is  usually  an  abnormal 
posterior  branch  of  the  renal  artery.  Sometimes  a  similar 
tributary  of  the?  renal  vein,  and  sometimes  a  vein  and  an  artery, 
run  together.  Very  rarely,  an  additional  renal  artery  runs  from 
the  aorta  to  the  lower  end  of  the  kidney.  As  a  rule,  but  not 
inv^ariably,  the  offending  vessel  lies  behind  and  hitches  up  the 
origin  of  the  ureter  (Fig.  1).  Tlu;  abnormality  appears  to  be 
about  equally  common  in  the  two  kidneys,  and  in  males  and 
females.  In  some  cases  the  abnormal  vessel  crosses  the  ureter 
without  obstructing  it,  but  if  the  kidney  is  unusually  movable 
some  obstruction  is  likely  to  occur  when  the;  trimk  is  in  the 
vertical    position.     This    leads    to    gradual    dilatation    of    the 
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pelvis.  Any  dilatation  and  poucliin*^  of  tlic  jxlvis  is  likely 
to  increase  the  tension  u])()n  tlic  artery  and  tlicrcfore  to  increase 
the  obstruction.  In  tiie  course  ol'  time,  as  the  jn-lvis  becomes 
more  and  more  distended  and  as  tiie  lieavier  kidney  descends 
more,  the  tense  blood-vTssel  exerts  more  and  more  pressure 
on  the  ureter,  inflamincr  it,  and  at  last  causing  a  real  stricture 
at  tlic  site  of  constriction  (Cases  3  to  0). 


Fig.  1. 

Diatrram  of  (il)stniction  of  a  ureter  by  an  abnormal  vessel.  A.  renal  artery, 
a  hraneh  of  wliich  hitehes  up  tlie  meter,  U,  at  its  oriixin.  The  division  of  the 
abnormal  vessel  is  suUicient  in  mild  cases,  but  a  plastie  operation  or  a  short  circuit 
at  X  and  Y  is  necessary  in  severe  cases. 

Symptoms  and  Signs 

1.  Attacks  of  renal  colic  of  incrcasintr  frc(|uency  and  severity 
"vvhich  may  ^o  on  for  years  before  the  condition  is  recoj^nised. 
As  a  rule,  the  jmtients  are  over  twcnf y-li\c  before  an  operation 
is  considered,  but  the  s\nipt()tus  ina\'  bctrin  in  childhood  (Cases 
11  and  12). 

Exercise  is  apt  to  brino-  on  these  attacks  of  sudden  spasmodic, 
characteristic,  and  severe  j)ain,  which  i-uns  from  the  loin  down- 
wards and  inwards  into  the  groin,  and  often  into  the  testicle, 
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\\  hifh  may  be  rctrai-leil.  In  sdiuc  cases  tlu'  pain  rims  down  the 
front  of  the  thiixli :  in  a  few  it  does  not  extend  to  the  ovoin, 
but  is  a  semi-iTirdle  pain  about  the  level  of  the  umbilicus.  As 
a  rule  the  pain  is  intt)lerable,  the  patient  cannot  sleep  or  lie 
still;  nausea  and  vomiting  are  often  associated  with  it,  and 
there  may  be  faintness,  pallor,  or  even  shivering.  Generally 
tlure  is  some  abnormality  of  mictiu'ition,  usually  increased 
frequency  and  irritability  with  a  diminished  quantity  of  urine. 
At  first  the  urine,  during  and  after  an  attack,  is  normal  in 
character;  later  it  may  be  albuminous  or  even  contain  blood 
or  pus.  Occasionally  the  amount  of  urine  passed  is  increased 
just  after  an  attack.  Usually  there  is  deep  tenderness  and 
rigidity  in  the  loin  during  an  attack  and  sometimes  in  late  cases 
a  swelling  can  be  felt  descending  below  the  costal  margin  on 
deep  inspiration.  Early  attacks  arc  often  far  less  severe. 
Sometimes  there  is  shivering  and  in  late  cases  a  rise  of 
temperature. 

2.  In  the  interval  between  the  attacks  there  is  at  times  a 
dull  ache,  a  sense  of  fullness,  or  a  dragging  pain  in  the  loin. 

3.  In  time  the  general  health  deteriorates  and  the  kidney 
becomes  chronically  distended,  palpable,  and  tender. 

Diagnosis 

A.  Renal  colic  has  to  be  distinguished  from  other  severe  pains 
in  this  region,  especially  appendieal,  biliary,  and  intestinal  colic. 
Appendical  is  rarely  so  severe  as  renal  colic  and  is  not  often 
associated  with  urinary  symptoms,  except  when  the  appendix 
is  low  down,  near  the  bladder,  or  is  lying  close  to  the  ureter. 
As  a  rule,  there  is  tenderness  over  the  appendix  and  more 
intestinal  symptoms,  such  as  chronic  indigestion  and,  perhaps, 
a  slight  elevation  of  temperature,  which  is  rare  with  renal 
colic.  Intestinal  colic,  due  to  lead,  is  characterised  by  the  lead 
line,  punctate  basophilia  and  constipation,  and  is  mostly  located 
about  the  umbilicus;  there  is  often  generalised  abdominal 
tenderness.  In  one  of  iny  patients  the  abdomen  had  been  opened 
on  the  assumption  that  he  had  an  ileal  kink  (Case  8).  The 
spasmodic  attacks  of  pain  with  tenderness  in  the  loin  sometimes 
caused  by  posterior  duodenal  ulcer  have  led  to  an  erroneous 
diagnosis  of  renal  colic  with  exploration  of  the  loin.  Biliary 
C(jlic  is  higher  in  position  and  chiefly  located  in  the  right  hypo- 
chondriac and  epigastric  regions.  Tenderness  is  just  below 
the  ninth  costal  cartilages,  except  when  the  gall-bladder  is 
unusually  low. 

B.  71ic  various  causes  of  renal  colic  Jiave  to  be  distinguished 
from  each  other. — Attention  therefore  may  be  drawn  to  some  of 
the  most  important  causes  of  obstruction  in  the  ureter. 
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1.  Foreign  bodies  inside  the  ureter. — Stone  or  gravel;  blood 
clot  from  injury,  f^rowth  or  tuberculous  disease  of  the  kidney; 
tuberculous  debris  blocking  the  narrow  channel  of  a  tuberculous 
ureter;    small  hydatid  cysts  passing  down  the  ureter. 

2.  Changes  in  ureteral  wall. — Stricture,  congenital  or  acquired  ; 
valve  formation  at  junction  of  pelvis  and  ureter;  myoma  or 
other  growths  of  the  ureter. 

3.  Pressure  upon  the  ureter  by  abnormal  blood-vessels, 
especially  when  the  kidney  is  unduly  movable;  growth, 
especially  of  the  uterus.  I  have  known  an  abscess  in  the  lower 
end  of  the  only  kidney  completely  and  fatally  obstruct  the 
ureter. 

Of  all  these  stone  gives  the  most  severe  pain ;  it  is  most 
frequently  associated  with  bleeding  and  excess  of  crystals  in 
the  urine.  Severe  bleeding  is  quite  rare  with  the  other  causes 
of  renal  colic,  except  tuberculosis  and  growth  of  the  kidney. 
Severe  bleeding,  giving  rise  to  colic,  is  only  occasional  with 
tubercle;  the  ureter  is  somewhat  narrowed,  and  clots  or  debris 
cannot  pass  easily  through  the  stricturcd  tube.  A  similar 
stricture  of  the  ureter  is  sometimes  due  to  bilharzia. 

An  x-ray  examination  should  always  be  made,  but  a  negative 
report  as  regards  stone  in  the  ureter  is  not  conclusive  for  many 
reasons.  A  stone  obstructing  the  ureter  is  usually  small, 
except  when  it  is  merely  projecting  into  the  ureter  from  the 
pelvis.  The  patients  are  often  over  middle  age  and  somewhat 
stout.  The  stone  may  be  composed  of  urates  which  cast  but 
little  shadow.  I  have  operated  on  a  number  of  cases  and 
removed  one  or  more  stones  from  the  ureter  when  the  x-ray 
report  was  negative.  In  one  instance  the  patient  had  been 
radiographed  five  times  at  different  hospitals,  and  I  removed 
a  stone,  the  size  of  a  filbert,  from  the  upper  part  of  his  ureter. 
In  these  cases  cystoscopy  is  of  the  greatest  value.  Two  grains 
of  indigo-carmine  are  injected  into  the  thigh,  and  twenty 
minutes  later  coloured  urine  ought  to  be  seen  issuing  from  both 
ureters.  The  absence  or  marked  diminution  of  the  stream  from 
one  ureter  is  of  the  greatest  significance,  and  the  loin  sluMild 
be  explored.  In  some  cases  a  stone  is  seen  projecting  into  the 
bladder  from  the  lower  end  of  the  ureter.  In  others,  it  can  be 
felt  just  above  the  bladder  through  the  antcrioi'  w;ill  o\'  the 
vagina. 

Pyelography  is  of  \alue  in  the  diagnosis  of  v{w\\  hydro- 
nephrosis and  may  help  in  localising  the  cause.  Diminution  of 
urine  during  the  pain,  with  increase  afterwards,  is  suggestive 
of  hydronephrosis.  In  a  ti  w  of  these  cases  some  swelling  can 
be  felt  on  careful  examination  during  an  attack,  and  the  kidney 
is  tender  on  palpation.  Cystoscopy  with  the  aid  of  indigo- 
z 
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carmine  is  also  invaluable,  especially  during  an  attack.  In  some 
late  cases  the  pelvis  can  be  felt  independently  from  and  internal 
to  the  lower  part  of  the  kidney. 

It  is  almost  impossible  to  distinguish  between  an  abnormal 
artery,  a  stricture  or  valve  formation,  and  a  small  stone  in  the 
ureter  as  a  cause  of  early  hydronei^hrosis,  and  exi)loration  is  the 
only  certain  way  of  ascertaining  the  cause  and  treating  the  con- 
dition. Occasionally  a  movable  kidney  may  give  rise  to  pains, 
which  are  indistinguishable  from  those  of  obstruction  of  the 
ureter,  and  yet  the  pelvis  when  examined  is  found  to  be  normal. 
Bacilluria  is  not  a  cause  of  renal  pain,  but  is  a  common  pitfall, 
for  it  is  easy  to  be  satisfied  with  the  diagnosis  of  baciUuria, 
when  there  is  a  real  mechanical  cause  of  obstruction,  which 
indirectly  causes  bacilluria.  In  the  early  and  hopeful  stages  of 
hydronephrosis,  however,  the  urine  is  sterile,  and  it  may  remain 
normal  in  every  respect  for  years,  but  slight  albuminuria  some- 
times accompanies  or  follows  an  attack  of  colic.  Later  secondary 
and  destructive  infections  may  occur.  In  the  early  stages  the 
absence  of  pathological  products  in  the  urine  misleads,  i'or  it  is 
diflieult  to  realise  that  any  serious  changes  are  going  oi\  in  the 
kidney,  and  in  many  instances  the  attacks  are  thought  to  be 
neurotic,  gastric,  or  even  intestinal  in  origin. 

Treatment 
Our  aim  should  be  to  recognise  and  treat  this  interesting 
condition   before  the   kidney,  pelvis,  and  ureter   are  seriously 
damaged.     Secondary    changes    in    the    kidney    unfortunately 
called  for  nephrectomy  in  Case  3,  as  it  probably  has  done  in 
many  other  cases  of  hydronephrosis  and  pyonephrosis  due  to 
an  abnormal  vessel  which  was  not  discovered  at  the  operation. 
Moreover,  the  changes  in  the  pelvis  and  ureter  demanded  a 
plastic  operation  to  ensure  efficient  drainage  in  half  of  my  cases. 
How  much  simpler  it  is  when  division  of  the  abnormal  vessel 
is    sufficient.     When    severe    and    long-continued   pressure   has 
caused  a  stricture  to  form  at  the  origin  of  the  ureter  or  extreme 
dilatation  of  the  pelvis  with  relative  elevation  and  valvulation 
of  the  ureteral  orifice,  a  plastic  operation  is  imperative.     At  first 
I  performed  Fenger's  operation  (after  Finney's  method  of  gastro- 
duodenostomy),  but  this  is  more  difiicult  and  not  so  satisfactory 
as  making  a  short-circuit  between  the  lower  part  of  the  pelvic 
poueli  and  the  ureter  at  the  same  level  or  a  little  lower  down. 
With  a  shorter  incision  this  ensures  a  better  drainage  from  the 
lowest  part  of  the  pool,  especially  when  the  hydronephrosis  is 
of  large  size.     If  the  opening  in  the  pelvis  is  round  and  also  a 
little  larger  tlian  the  one  in  the  ureter,  a  more  patent  channel 
is  estaljlished.     Nephrectomy  should  be  reserved  for  extreme 
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cases,  where  tlic  renal  eortex  is  thm  or  ulute  or  otherwise  hope- 
lessly damaged,  for  the  regenerative  powers  of  the  kidney  are 
wonderful  under  good  eonditions  of  drainage  and  asepsis. 
Lxeision  o  part  of  the  dilated  pelvis  is  rarelv  neeessaryf  as, 
AN  hen  well-dranied,  it  contraets  rapidly. 

Notes  of  Cases 
Eight  of  the  following  eases  were  published  in  full  ui  the 
BnUsh    Medical    Journal?     These    notes    have    been    greativ 
abbreviated  here  to  save  spaee.  ^ 

Case  1. — Left  Hydronephrosis 

fl«nt  rrr^V'  '^-^;[^^-  Recurrent  obseure  eoliekv  i)ains  in  left 
flank  and  along  the  ureter.  Urine  normal.  KadiLranl  v  for 
stone    negative.     Cystoseopy    with     inclig<)-earn.i   e"  ndieatcd 

Stinr^e^f^dt^T"'"?  ^'-'^^  ''''  "^^'*--  Explorailon'ol- 
mssiii^  behnd     1   '     '-^  ^"'  *^  abnormal  renal  vessels 

passing  behind  the  origin  oi  the  ureter  to  the  lower  pole  of 

Th.^'r%    i-^^i'f  '""?  ^'''"^'^  ^"^1  *h^  obstruetion  relieve 
solit/rv   ';;       'VT  "^^  ^^'^^  ^''""^  perforation  of  a  ehronie 
solitary   ulcer   of   the    lower    end    of   the    ileum.     Mieroseoo  c 
exammation  showed  no  definite  evidence  of  tub^reulosisr   ^ 

Case  2. — Left  Hydronephrosis 
Miss  IT.,  aged  3C.     For  five  or  six  years  patient  had  had 
a  tacks   oi   pam   m  the  left  loin,   shooting  down  towan        he 
groin,   sometimes  very  severe  and  only  relieved  by  morphia 
The  urine  M-as  always  normal.     A  kidney  truss  gave  i      re  of " 
During  the   attack   of  pain    a    swelling  \appearediVThi  left 
lorn     but    usually    disappeared    when    the'   Xit     ay   do     i 
At  last   a  very   severe   attack   occurred   and   a   large  ^welli,; 
appeared  m  the  left  flank,  which  hardly  moved     poVre^S 
tion  and  had  not  since  diminished.     The  urine  was  iti     nX 
The  swelling  was  mostly  resonant  in  front  and  was  t  lo    '; It 

failed  to 'h'''"'''^''"'"'  P^'^'^^-  ^'^'^  ""-'^y  examination  had 
earm  no  .tr  any  stone.  Cystoscopy  with  the  ai<l  of  indigo- 
carmine  showed  nothing  issuing  from  the  left  ureter,  but  nio-- 
nvent  came  away  from  tlu^  right  after  eight  minutes      At 'he 

klov  '  /  "".""*"'.  '^"^'^'"^  ^'""'^  ^"'"^  I'ro"^  the  left.  The 
kidney  was  iound  to   be  enormously  enlarged  and   was     with 

he'^'und    '^V''""'f.^""  ^'^  surrmmding^and  dcli";;;i        ll 
the  Mound.     It  was  then   noticed  that   the  obstruction  to  the 

"we7,:r /"tl  *^u'l"  '"'-"'r-^  "^"  ''''  ^^'•^-•>-  e-^tending  ml:;  ll 
m  er  pok-  oi  the  kidney  m  In.nt  of  the  beginning  of  t7.e  ureter 
th     peh-.s  luuu.g  descended  in  front  of  This  abnormal  vesS! 
IIK   obstruction  was  complete.     The  ureter  itself  was  natur-d 
On  ligaturing  and  dividing  the  vessel  the-  junction  of  th  ter 

and  pelvis  was  seen  to  be  natural  and  not  narrowc-d,  alth, u  I 
there  were  some  adhesions.  With  a  little-  dillieultv  10  /of 
urine  were  squeezed  from  the  kidney  to  the   bladder    vhout 
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ineisin,    the    kuincy    o.    poh  is.     When    the    H|!|;;^^^^;^  ,J;;;- 
^uitc  emptied  nephrorrl.apby  was  pcTtonucd.      llu  patient  ni.uu 

rt  good  roc'oNcry. 

Case  S.—Uiiiht  lliidronrphrosis  :  Stone  :  Sccondaru 
X('phr('ci())ntj 
Mrs  B  accd  30,  had  had  attacks  of  pain  in  the  right  flank 
.■ith!nd  pvroSia.  The  appendix  was  ----^^^  -;:^  ^ 
Six  mouth's  hiter  the  kidncv  was  explored  and  t  u  una  peiNis 
'^^"ou!^i;.oderately  chhded  o.^ng  to  -  ^--^^/^^ 
nrtorv  which  passed  beliind  the  junction  of  the  ureter  ana 
;  ■  ■a,ra''o,;;slricte<l  ,.>c  channd;  when  th.  ku  ncy  c^=scended 
T  consi<lcrnl)lc  poiicli  came  clown  boliiiK  t  u>  .ibiuiinial  •wc^ry- 
()n  X  ii  <.  thi  artcrv  a  marked  eonstnct...,.  was  st,  1  present 
"  ,  H     elio of  tl.e-«reter  and  pelvis   and  the  "PJ»V>?  "'.^ 's' 

;?gr^r- r'ltw:::t:'size'of  L  m.n  was  f-nd  at  t^e  lov«. 

ifs^^^Sat,!^;?^^:^^ 

-:rs;dr:nffitndt,'.;,t;ri  "a-tr,  :^e  if  :  er  If'Ll^ot,. 
l-:'^.^  of  aUe«.m.od  of  J-- :  -St,^?Tt,S 
•™:ire"t.rmove'it:  '^r^atr^t  reeovcr^l,  .,ut  ha.,  alhnn.inur.a 
some  four  years  later. 

Case  i.—Left  11  uihomphrnsis 

A  man  aRed  15,  had  had  repeat..!  attaeks  "t  'ypieal  renal 

eolie  in  t  e  ifrt  side  during  the  last  "SMcen  months      He  was 

skiagraphed  several  tin.es  with  a  "egafve  result      Th-;  jme 

was^u,  n,al  on  -Pf  tr"A"e;?''was     r  erw[tCt   relief. 

at  one  time  laid  the  pat.ent  up  lor        «  ^  ™tt„^Vuria    nor 

^-s^^ix^^unf^f^n;^  ^-^  Jli^i^;^^^ 
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Case  3;  the  same  treatiiicut  was  adopted.  A  catheter  was 
passed  from  the  pelvis  of  the  kidnev  thn.i.oh  the  sutured  part 
and  down  the  ureter  for  tlu-ee  days'.  The  patient  liad  a  Lk\ 
deal  of  extravasation  of  urine  along  the  eourse  of  the  ureter 
and  pam  and  distension  of  the  al)domen  for  a  few  davs  but  he 
made  a  good  reeo\ery.  '    ' 

It  is  far  better  not  to  leave  a  catheter  in  the  ureter,  but  to 
aim  lor  a  free  passage  with  a  water-tight  junction.  The  con- 
valescence IS  thereby  made  safer,  easier,  and  shorter. 

Case  5. — Right  H ydroncjjhrosis 

A  man,  aged  50,  had  had  several  attacks  of  right  renal  eohe 

X-ray  examination  for  stone  negative.     Definite  swelling  in  the 

right  lom,  when  the  patient  came  to  the  Out  Patients'  Denart- 

mcnt.  v|7cnL 

The  kidney  was  exposed  and  a  moderate  degree  of  hvdro- 
nephrosis  was  found,  due  to  an  abnormal  artery  and  \cin 
apparently  running  from  the  renal  vessels  downwards  and  cnit- 
wards  to  the  lower  pole  of  the  kidney  and  passing  in  front  of  the 
ureter  at  its  origin,  hitching  it  up  and  completelv  obstructing 
It.  The  vessels  were  tied  and  divided  ;  some  of  the  urine  could 
then,  with  some  difliculty,  be  squeezed  out  of  the  pelvis  into  the 
ureter.  This  made  it  apparent  that  there  was  a  stricture  of 
tiie  ureter  at  the  site  of  constriction,  probablv  due  to  sccondarx- 
mflammation  A  plastic  operation  was  '  i)erformcd  after 
^cngcr  s  method  a  large  opening,  one  inch  long,  being  made. 
Ihe  patient  made  a  good  reco\cry. 

Case  G.— Right  Pyonephrosis  :   Abnormal  Vessel :    Xephropeay 

had  failed 
A  soldier    aged  25,  had  had  several  attacks  of  colie  in  his 
right  side  before  the  war.     He  had  more  while  in  Malta,  where 
lie  was  seen  by  several  surgeons  and  was  examined  with  the 
x-rays;   they  ultimately  came  to  the  conclusion  that  his  attacks 
of  violent  cohc  were  due  to  a  movable  kidnev.     Ne])hroix'XN-  was 
performed    but  the  i)atient  had  two  attack;  after  the  operati..n 
±lc'  says  that  he  had  no  pus  in  the  urine  before  the  operation 
but  m  the  two  attacks  he  had  had  since  then— one  in  Malta 
ami  one  after  coming  home  to  England- pvuria  was  present. 
lie  hac    a  third  attack,  and  was  admitted  into  the  2nd  London 
General  Hospital,  where  I  saw  him,  and  ielt  a  large,  tender  ri..j,t 


Kidney.  Iherc  was  no  pus  in  the  urine.  The  temperature 
kept  up  for  two  or  three  days;  an  enema  was  then  given  and 
was  followed  by  sudden  relief,  with  the  passage  of  large  quanti- 


tics  o  pus  m  the  urine.  Apparentlv  the  enema  relieved  a 
kmked  ureter.  He  was  then  better  ior  a  week,  but  still  had 
pyuria.  A  pure  cultivation  of  li.  coli  was  obtained  from  the 
urine.  He  had  another  attack,  again  relieved  bv  an  enema, 
and  Avas  then  anxious  to  have  an  operation  <lone.  the  diagnosis 
Mas  a  kinked  ureter  iK)ssibly  due  to  an  abnormal  vessel 
or  possihly  obstruction  due  to  a  small  calculus."  Repeated 
x-ray  examinations,  however,  had  not  revealed  anv  calculus 
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I  found  the  ..car  of  rather  a  small  incision  high  uj),  close  to 

the  last  rib.     I  made  a  nnu-h  longer  one  below  the  original  and 
omid  the  old  stitches.     The  kiclney  was  tc'therec    by  thein  sUn 

but    was    considerably    enlarged    and    N;ery    va_sculai       It    was 
i,ul     to  mobilise  without  decapsulation   w^hich  I  l^^d  to  do 

,1  then  found  it  could  not  be  delivered  owing  to  adhesions 
/round   the   pelvis.     The   ureter  was   normal  in  size  and  was 

Xwed  up  thrcnigh  a  constriction  in  the  surrounding  tissues 

intended  pelvic.     The  posterior  part  of  tiu-  ring  was  (  ividcd 

m        und  to  be  of  fibrous  tissue.     The  anterior  part  was  lormed 

iVv  t         arge  blood-vessels,  and  they  clearly  constituted  the  main 

;,•  struction  and  corresp<.nded  to  the  junction  ol  tljei^av island 

ureter.     The  two  vessels  were  tied  and  divided,      ihey  entered 

the  lower  pole  of  the  kidney  and  apparently  came  from  the 

mil    rcnal\.essels.     Owing  to  the  IcMigth  of  the  ureter,  size  of 

irpcM^,  and  the  adhesions  around  them,  t^^  division  ot  the 

vesseTdid  not  entirely  obliterate  the  kink.     As  t  -  kidney  wa 

returned  into  its  bed  the  kink  became  more  marked.     I  there 

the  cm  friction  formed  bvthe  blood-vessels  was  divided  and  the 
urete    s^^,^  c^htened  out.   'The  kidney  was  considci-ably  inilame 

nd  had  white  spots  in  the  cortex,  probably  indicating  small 
I^ci  of  suppuration.  The  patient  made  an  uninterrupted  re- 
covery, the  wound  healing  primarily  in  spite  ot  the  pus  evacuated 
at  the  operation. 

Case  7  -Abnormal  Artm,  causing  Obstructed   Ureter  ;    Stone  in 

Left  Kidney 
r  T  a  bov  aeed  12,  for  two  vears  had  haematuria  and  pain 
at  t;tJ;\' als  in' the  left  loin  and  flank.  X-ray  exammation 
?cvea  ec?a  stone  in  the  pelvis  of  the  left  k  dney.  The  kidney 
-  tl^c^ilt  to  briijg  o£of  th;.  wou^d  owrng  ^ -^^bi^riua^ 
arterv  entering  tlie  lower  poic.  xu  ».iv.»i  > 
ureter  iust  below  the  pelvis  and  was  therefore  divided.  The 
nelvis  was  d dated  and  inflamed.  I  incised  it  and  removed  an 
Fsol  ted  calculus  t^^    size  of  a  filbert.     The  patient  made  a  good 


recoverv 


Case  s.-Left  Hydronephrosis  :  Abnorrnal  Eenal  Artery :  Previom 
■  Operation  for  Supposed  Ileal  Knii^ 
I  ieut  H  aged  28,  had  had  repeated  attacks  of  c()lic  in  tlie 
1  ff  f  ,  I"  fr!;' the  last  ten  years.  Eighteen  months  beh)re  x-ray 
^  mmiio::stclt^^i;i  no  sto,^  and  -^--^^^;^-JS 
An  oneration  was  not  advised  and  he  went  to  a  Convalescent 
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The  patient  was  sent  to  Sussex  Lodge  again  for  observation, 
and  one  day,  Avhen  I  liai)i)ened  to  be  there,  the  pain  came  on. 
The  left  kichiey  was  palpable  and  was  very  tender  l)oth  in 
front  and  behind.  I  advised  operation,  liaving  diagnosed  an 
obstructed  ureter,  possibly  due  to  an  abnormal  artery,  a  small 
calculus  or  a  valve. 

A  large  hydronephrosis,  the  pelvis  being  the  size  of  an 
orange,  was  caused  by  an  abnormal  renal  vein,  passing  from  the 
main  renal  vein  downwards  l)(hind  the  ureter  at  its  origin 
and  then  forwards  to  the  lower  pole  of  the  kidney.  On  dividing 
this  it  was  noticed  that  the  ureter  was  narrow^cd  at  its  origin. 
To  make  sure  of  effecting  a  cure,  an  anastomosis  w^as  made 
between  the  back  of  the  pelvis  and  the  ureter  an  inch  down. 
A  catheter  had  previously  been  passed  along  the  ureter  into  the 
bladder  without  any  diflieulty,  and  a  finger  had  l)een  intro- 
duced into  the  pelvis  and  ealiees  without  finding  any  stone. 
The  exjjloratory  opening  in  the  back  of  the  pelvis  was  used  for 
the  anastomosis.  It  was  noticed  that  the  ureter  in  its  upper 
two  inches  was  inflamed  and  dilated,  and  it  appeared  probable 
that  under  certain  conditions  the  artery  constricted  the  ureter 
below  this  dilated  part,  but  that  it  slipped  up  as  the  pelvis 
became  more  distended.  The  patient  made  a  good  and  rapid 
recovery. 

Case  9. — Left  Hydronephrosis  :   Abnormal  Vessels 

Mrs.  E.  W.,  aged  49,  had  a  history  of  violent  pain  and 
swelling  in  the  left  loin  for  eigliteen  years.  Seventeen  years 
ago  she  was  "  tapped,"  and  a  nephropexy  was  performed. 

She  had  relief  for  ten  years,  but  since  then  has  had  increasing 
attacks  of  pain  and  swelling  in  the  left  flank.  X-ray  examina- 
tion for  stone  negative.  There  were  oxalate  crystals  in  the 
urine,  a  few  ])us  cells,  slight  albumimn'ia  and  B.  eoli  on  cultiva- 
tion. Urea  in  the  l)lood  three  times  the  normal.  A  diagnosis 
of  obstruction  of  the  ureter  by  abnormal  vessel  or  valve  ureter 
was  made. 

The  ureter  was  found  to  be  ccmstricted  by  an  abiiormal 
artery  and  vein,  ])assing  Ix^hind  it  and  kinking  it  at  its  junction 
with  the  pelvis.  These  vessels  were  divitled,  but  a  constriction 
remained  and  a  valve  was  present  at  the  junetion  of  the  ureter 
and  pelvis.  The  opening  was  enlarged  after  Fenger's  method. 
The  abnormal  vessel  came  as  usual  from  the  renal  vessels.  The 
patient  made  a  good  recovery. 

Case  10. — Left  Hydro  nephrosis  :    Calculus 
Boy,  aged  12,  had  symptoms  and  showed  an  x-ray  shadow  of 
stone  in  the  kidney. 

A  large  oxalate  stone  was  fomid  in  the  left  kidney  near  the 
lower  calyx,  and  an  abnormal  reiiMl  artery  passed  from  tlie 
main  renal  artery  to  the  lower  j)ole  of  the  kidney  behind  the 
junetion  of  the  })el\  is  and  ureter,  kinking  the  latter.  The 
artery  was  divided  and  the  stone  removed  through  the  cortex. 
The  pelvis  was  dilated.     The  patient  recovered  rapidl\". 
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Case  11. — Right  Ilydruncphrosis 

Mr.  A.  M.,  aged  18|,  described  his  illness  as  having  started 
at  the  age  of  eight  or  nine  years,  severe  attacks  of  pain  occur- 
ring every  two  to  three  weeks.  During  the  next  ten  years 
many  x-ray  examinations  were  made  with  negative  results,  and 
many  doctors  consulted,  but  no  definite  conclusion  was  arrived 
at  as  to  the  cause  of  the  symptoms.  The  attacks  now  increased 
in  severity  and  lasted  from  five  to  seven  days,  morphia  having 
to  be  given  for  the  relief  of  pain.  The  urine  was  normal.  At 
the  beginning  of  1920  a  urologist,  after  pyelography,  diagnosed 
hydronephrosis  and  advised  immediate  removal  of  the  right 
kidney,  but  a  physician,  who  suspected  a  stricture  or  kink  of 
the  ureter,  brought  the  patient  to  see  me.  I  diagnosed  hydro- 
nephrosis due  to  an  aberrant  renal  vessel  or  valvulation  of  the 
origin  of  the  ureter.     The  patient's  father  then  took  him  abroad 

to  consult  various  continental    experts.     Dr.  of   Brussels 

diagnosed  auto-intoxication  and  strongly  recommended  medical 
treatment,  while  Professor  I.  of  Berlin,  after  very  thorough 
examinations,  recommended  nephrectomy  as  an  imperative 
necessity.  The  patient  returned  to  London  and  saw  several 
more  consultants.  In  all  he  had  consulted  about  twenty 
medical  men  before  he  asked  me  to  operate. 

On  September  28,  1920,  I  found  that  no  urine  issued  from 
the  right  ureter.  An  abnormal  vein  was  discovered  behind  it, 
kinking  it  just  below  the  renal  pelvis,  which  was  moderately 
dilated.  The  kidney  was  in  good  condition.  The  vein  was 
divided  and  the  patient  made  a  good  recovery.  He  has 
remained  well  and  has  led  a  very  active  life  since  the  operation. 

Case  12. — Right  Hydronejjhrosis 

'Miss  M.,  aged  21,  had  for  six  years  suffered  from  abdominal 
pain  and  pain  in  the  right  limibar  region  at  irregular  intervals. 
Of  recent  years  it  had  been  more  severe  in  character  and  lasted 
longer.  It  was  more  or  less  continuous,  with  fairly  frequent 
severe  paroxysms.  During  the  latter  the  patient  turned  very 
pale,  sweated,  and  sometimes  fainted.  During  the  attacks  she 
was  continuously  and  violently  sick ;  she  was  constipated  and 
could  not  pass  any  urine  at  all  until  the  first  paroxysm  was 
over,  and  then  she  passed  a  large  quantity.  The  urine  con- 
tained a  slight  trace  of  albumin,  a  trace  of  blood,  some  calcium 
oxalate  crystals,  blood  corpuscles,  and  squamous  cells.  During 
the  attacks  there  was  no  fever,  but  the  pulse  rate  ran  up  to  120. 
The  pain  seemed  to  extend  over  the  whole  of  the  right  abdomen, 
the  right  hypochondriac  region,  back  and  front,  and  was 
especially  severe  down  the  course  of  the  ilio-inguinal  and  ilio- 
hypogastric nerves.  The  abdominal  muscles  were  held  tense  so 
that  nothing  could  be  made  out  during  an  attack,  which  usually 
lasted  three  or  four  days  and  left  the  patient  sore.  X-ray  examin- 
ations on  two  occasions  failed  to  reveal  the  presence  of  a  stone. 

I  was  the  thirty-seventh  medical  man  the  patient  had 
consulted.  I  diagnosed  hydronephrosis  due  to  aberrant  renal 
vessel  or  valve  ureter. 
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Cystoscopic  examination  on  February  2,  1922,  showed  no 
urine  issuing  from  the  right  ureter.  The  right  kidney  was 
explored  at  onec.  It  was  hu'ge  and  liydroncphrotic  owing  to 
an  abnormal  renal  artery  and  vein  arising  in  the  renal  vessel 
running  behind  the  ureter  to  the  lower  pole  of  the  kidney. 
This  was  divided  and  the  kidney  fixed.  There  was  no  stone. 
The  patient  improved  greatly,  but  subsequently  had  another 
attack  of  pain  and  passed  some  organised  elot,  which  had  prob- 
ably blocked  the  ureter.     Since  then  she  has  done  well. 

Conclusions 
A  careful  study  of  these  cases  leads  to  several  important 
conclusions. 

(1)  The  long  duration  of  unnecessary  suffering,  the  large 
number  of  medical  men  consulted  before  the  correct  diagnosis 
is  made  and  the  only  rational  treatment  by  operation  is  adopted 
shows  that  we  are  not  sufficiently  aware  of  the  possibility  and 
curability  of  this  interesting  condition. 

(2)  Cystoscopy  after  the  injection  of  indigo-carmine  is  very 
valuable  in  establishing  the  diagnosis  and  in  ascertaining  the 
functional  capacity  of  the  other  kidney. 

(3)  It  is  very  important  at  all  operations  upon  the  kidney 
and  upper  ureter  to  look  out  for  abnormal  vessels  kinking  the 
ureter,  so  that  a  complete  cure  can  be  made  at  one  operation. 

(4)  The  difficulties  of  secondary  operations  owing  to  ad- 
hesions and  secondary  changes  in  the  kidney  and  ureter  point 
to  the  value  of  finding  and  dividing  the  abnormal  vessel  at  the 
first  operation.  In  six  out  of  twelve  of  my  cases  a  secondary 
stricture  of  the  ureter,  due  to  long-continued  pressure  of  the 
obstructing  blood-vessel,  had  to  be  overcome  by  a  plastic 
operation,  and  in  one  a  secondary  nephrectomy  became  neces- 
sary. Earlier  diagnosis  and  more  thorough  operations  should 
make  these  complications  very  rare. 

(5)  Once  the  obstruction  is  thoroughly  overcome  the  rccover- 
ability  of  the  kidney  is  very  remarkable.  Primary  nephrectomy 
— even  if  the  other  kidney  is  known  to  be  good — should  therefore 
be  very  rarely  performed.  It  is  far  wiser  to  give  the  damaged 
kidney  a  chance  of  recovery  unless  it  is  in  a  hopeless  and 
dangerous  condition. 

(6)  When  a  secondary  stricture  of  the  ureter  has  developed, 
a  plastic  operation  or  anastomosis  with  a  water-tight  junction 
will  probably  save  the  kidney,  even  in  the  presence  of  pyo- 
nephrosis (Case  6). 
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SPASTIC    RETRACTION   OF   THE   TESTICLE 

By  PHILIP  TURNER,  M.S.,  Surgeon  to  Guy's  Hospital. 

The  condition,  to  which  the  above  name  may  be  given,  is 
one  of  considerable  importance,  since  it  may  very  easily  be 
confused  with  true  imperfect  descent  of  the  testicle.  The 
necessity  for  recognising  spastic  retraction  as  a  distinct  con- 
dition is  that  operative  treatment  is  not  required ;  in  true 
cases  of  imperfect  descent  of  the  testicle,  except  possibly  in 
the  first  few  years  of  life,  operative  measures  are  necessary  in 
order  to  get  the  retained  organ  to  the  scrotum  owing  to  certain 
definite  anatomical  arrangements  which  can  be  readily  recog- 
nised and  demonstrated.  It  is  surprising  how  often  patients 
are  seen  as  out-patients,  or  even  admitted  direct  to  the  wards 
for  operation  for  imperfectly  descended  testicle,  which  on 
examination  prove  to  be  cases  of  spastic  retraction  in  which 
operation  is  not  required. 

The  essential  difference  between  the  two  is  that  in  spas- 
modic retraction  the  position  of  the  testicle  depends  upon 
spasm,  intermittent  or  continuous,  of  the  cremaster  muscle, 
whereas  true  imperfect  descent  of  the  testicle  depends  upon  a 
failure  of  the  normal  developmental  process,  which  brings 
about  the  migration  of  the  testicle  from  the  upper  part  of  the 
peritoneal  cavity  to  the  scrotum. 

The  testicle  is  normally  suspended  from  the  abdominal 
wall  by  a  sheath  composed  of  infundibuliform,  cremasteric,  and 
intercolumnar  fasciae,  which  have  definite  attachments  above, 
surround  the  spermatic  cord,  and  spread  out  round  the  tunica 
vaginalis  below.  The  action  of  the  cremaster  is  well  seen  in 
the  cremasteric  reflex,  which  is  especially  well-marked  in 
children.  Here  often  the  slightest  touch  on  the  inner  side  of 
the  thigh  will  cause  the  testicle  to  be  at  once  drawn  up  into 
the  inguinal  canal,  where  it  may  be  impossible  to  feel  it  and 
where  it  may  stay  for  some  time.  In  some  cases  exposure 
of  the  patient  alone  will  be  sufficient  to  call  the  muscle  into 
action.  Spastic  retraction  is  a  still  further  increase  in  the 
excitability  of  this  muscle. 

In  this  condition  the  testicle  may  be  nearly  always  situated 
in  the  inguinal  region,  and  certainly  any  attempt  at  examination 
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will  cause  it  to  occupy  this  position.  The  condition  may  be 
first  noticed  by  the  parents,  or  it  may  be  met  with  in  the  course 
of  some  routine  medical  examination.  It  may  very  closely 
resemble  true  bilateral  imperfect  descent  of  the  testicle, 
especially  when  found  at  the  first  examination  of  the  patient. 
The  clinical  characters  of  spastic  retraction  are  as  follows — 

1.  It  is,  in  typical  cases,  where  the  difficulty  in  diagnosis 
arises,  always  bilateral.  It  is  true  that  in  the  course  of  an 
examination  for  a  supposed  hernia  the  cremaster  may  draw 
the  testicle  up,  but  it  is  generally  obvious  at  once  that  this  is 
nothing  more  than  the  ordinary  cremasteric  reflex,  possibly 
rather  exaggerated. 

2.  The  history  is  usually  unreliable  :  the  patient  will  be 
too  young,  and  the  mother  will  often  be  unaware  of  the  abnor- 
mality. If,  however,  there  is  a  definite  history  that  the  testicles 
have  at  some  time  been  seen  in  the  normal  situation,  it  is 
probably  a  case  of  cremasteric  spasm. 

3.  The  degree  of  development  of  the  scrotum  should  be 
noted.  In  a  case  of  true  developmental  imperfect  descent  the 
scrotum  is  often,  but  not  always,  imperfectly  developed  and 
may  be  quite  rudimentary.  In  cases  of  cremasteric  spasm, 
where  the  testicle  occasionally  occupies  the  normal  position, 
the  scrotum  may  be  normal.  Too  much  stress  must  not, 
however,  be  placed  on  this,  as  the  size  of  the  scrotum  in  young 
boys  varies  considerably. 

4.  When  a  case  is  examined,  gentle  but  continued  manipu- 
lation should  be  tried  to  coax  the  testicle  from  the  inguinal  canal 
down  into  the  scrotum.  If  both  testicles  can  be  manipulated 
into  the  scrotum  and  held  there  without  undue  tension  and 
without  causing  the  patient  pain,  it  is  safe  to  regard  the  case 
as  one  of  spastic  retraction,  which  will  in  time  get  well  without 
operation.  In  true  developmental  imperfect  descent  the  testicle 
may  often  be  made  to  emerge  from  the  external  abdominal  ring, 
but  it  cannot  be  made  to  enter  the  scrotum ;  very  connnonly 
it  turns  upwards  and  outwards  over  Poupart's  ligament  towards 
the  anterior  superior  spine.  If  any  doubt  exists  in  the  surgeon's 
mind,  these  manipulations  should  be  repeated. 

5.  In  a  typical  case  of  spastic  retraction  there  will  be  no 
hernia  found  on  examination  and  no  history  of  hernia.  Any 
swelling  noticed  will  prove  to  be  the  testicle  itself.  In  either 
unilateral  or  liilateral  eases,  in  which  the  testicle  is  obscured 
by  the  presence  of  a  hernia,  the  question  scarcely  arises,  as  it 
will  be  very  generally  admitted  tliat  the  hernia  should  be 
treated  by  operation  and  the  position  of  the  testicle  will  be 
cleared  up  at  the  operation. 
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In  true  developmental  imperfect  descent  manipulation  will 
not  be  successful  in  getting  the  testicle  into  the  scrotum  on 
account  of  the  following  definite  anatomical  arrangements 
which  can  be  readily  recognised  at  an  operation. 

1.  Its  peritoneal  connections.  In  a  considerable  proportion 
of  cases  there  is  an  obvious  hernia,  and  in  the  majority  of  those 
in  which  there  is  no  obvious  hernial  swelling  a  "  potential 
hernia,"  or  patent  funicular  process,  is  found  at  the  operation. 
Indeed  the  presence  of  a  hernia  or  the  probability  of  a  potential 
hernia,  is  one  of  the  great  reasons  for  operating.  It  is  true  that 
every  now  and  then  one  operates  on  a  case,  in  which  no  patent 
funicular  process  is  found,  but  here  I  prefer  to  say  that  one  is 
not  found  rather  than  that  it  is  definitely  absent.  The  funicular 
process  may  be  so  narrow  and  so  thin-walled  that  it  is  possible 
in  some  cases  it  may  be  overlooked.  I  cannot  say  definitely 
in  what  proportion  of  cases  no  funicular  process  is  found,  but 
it  is  very  unusual  and  I  should  estimate  it  at  about  5  per  cent. 
The  importance  of  the  funicular  process  can  be  shown  at  an 
operation  by  attempting  to  pull  the  testicle  down,  when  the  pro- 
cess becomes  tense  and  prevents  it  from  reaching  the  scrotum. 

2.  There  is  a  shortness  of  the  sheath  surrounding  the 
spermatic  cord  and  tunica  vaginalis. 

3.  Even  when  the  above  structures  have  been  dealt  with, 
the  attachment  of  the  gubernaculum  will  prevent  the  testicle 
entering  the  scrotum. 

In  addition  to  the  above,  which  always  have  to  be  dealt 
with,  there  are  the  two  following  possibilities,  which  are  for- 
tunately both  unusual,  as  they  probably  will  prevent  a 
satisfactory  result  to  the  operation. 

4.  Shortness  of  the  spermatic  veins. 

5.  Shortness  of  the  vas  deferens.  This  is  more  likely  to 
occur  in  young  adults  than  in  children. 

In  spastic  retraction  the  above  anatomical  conditions  are 
not  present,  and  hence  operative  treatment  is  not  necessary. 
In  true  developmental  imperfect  descent  operation  is  necessary 
for  the  transference  of  the  testicle  to  the  scrotum,  unless  it 
is  possible  for  other  means  to  overcome  them,  and  it  is  difficult 
to  see  what  other  method  could  possibly  alter  the  peritoneal 
relations  or  obliterate  a  hernial  sac  in  a  child  between  the  ages 
of  six  and  twelve  years. 

The  action,  or  rather  over-action,  of  the  cremaster  is  shown 
in  a  different  way  in  certain  rare  cases  in  which  an  apparently 
normal  and  normally  placed  testicle  has,  as  the  result  of  some 
sudden   strain   or  exertion,    been  drawn   up   into  the  inguinal 
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canal,  where  it  has  remained  permanently,  becoming  clinically 
a  case  of  imperfect  descent,  Jacobson,  in  his  book  Diseases  of 
the  Male  Orga?is  of  Generation,  mentions  several  such  cases 
(p.  41).  The  explanation  of  these  depends,  I  believe,  upon  the 
fact  that,  though  apparently  normal  before  the  injury,  a  peri- 
toneal arrangement,  similar  to  that  found  in  a  true  case  of 
imperfect  descent,  is  really  present ;  that  is,  there  is  a  potential 
hernia,  with  a  patent  funicular  process,  and  that  a  mesorchium 
is  present.  I  was  rather  sceptical  as  to  the  existence  of  this 
condition  until  about  three  years  ago,  when  I  had  the  following 
case  admitted  into  Luke  ward. 

D.  W.,  aged  nineteen  years,  was  admitted  into  Guy's  Hos- 
pital in  June  1919  with  the  following  history.  In  June  1918, 
while  engaged  in  his  work  as  a  sawyer,  he  strained  himself 
severely  while  lifting  the  trunk  of  a  tree  weighing  about  eight 
hundredweight;  he  felt  something  slip  up  into  his  groin,  and, 
on  examining  himself,  found  that  the  left  testicle  had  dis- 
appeared from  the  scrotum.  At  the  same  time,  or  shortly 
after,  a  swelling  appeared  in  the  left  groin.  The  patient,  who 
was  a  well-developed  sensible  lad,  stated  that  until  this  time 
both  testicles  had  been  present  in  the  scrotum,  and  that  they 
were  of  equal  size;  also  that  he  had  never  suffered  from 
hernia,  and  had  never  had  any  swelling  in  the  groin.  I  per- 
sonally interviewed  his  father  and  his  mother,  and  they  were 
emphatic  that  during  childhood  and  infancy  both  testicles 
had  been  present  in  the  scrotum  and  that  no  hernia  or  other 
inguinal  swelling  had  ever  been  noticed.  The  retracted  testicle 
had  never  since  the  accident  returned  to  its  normal  position. 
On  admission,  there  was  a  small  but  definite  hernia,  and  the 
testicle,  which  could  be  felt  in  the  inguinal  canal,  could  be 
manipulated  just  through  the  external  ring,  but  could  not  be 
made  to  enter  the  scrotum.  The  left  side  of  the  scrotum  was 
normally  developed  and  the  right  testicle  was  normal  in  size 
and  position.  At  the  operation  tlie  anatomical  condition  found 
was  exactly  that  of  a  typically  imperfectly  descended  testis; 
there  was  a  large  tunica  vaginalis  which  was  connected  with  the 
peritoneal  cavity  by  means  of  a  patent  processus  vaginalis, 
and  the  testicle  was  rather  smaller  than  the  normally  placed 
right  testicle. 

The  hernial  sac  was  removed,  and  the  left  testicle  was  trans- 
planted to  the  right  side  of  the  scrotum.  The  patient  was  seen 
again  in  March  1920.  The  testicle  was  then  suspended  normally 
and  freely  in  the  scrotum,  but  was  at  a  slightly  higher  level 
than  the  right  testicle.  There  had  been  no  pain  and  there 
was  no  recurrence  of  the  hernia. 


332     SPASTIC   RETRACTION  OF  THE  TESTICLE 

Here  the  same  strain  which  drew  the  testicle  up  into  the 
inguinal  canal  appears  to  have  forced  some  abdominal  viscus 
into  the  potential  hernial  sac  for  the  first  time.  The  pain 
pro.duced  was  slight,  and  on  admission  to  the  hospital  the 
sensation  in  the  displaced  testicle  was  diminished. 

This  and  similar  cases  which  have  been  recorded  are  of 
interest 'as  showing  the  effect  of  sudden  violent  action  of  the 
cremaster.  The  fact  that  the  testicle  did  not  return  to  its 
original  position  may  be  explained  by  the  presence  of  the 
hernia,  as  it  is  generally  recognised  that  the  presence  of  a 
hernia  may  interfere  with  the  testicle  entering  the  scrotum, 
in  the  same  way  that  the  presence  of  an  imperfectly  descended 
testicle  in  the  inguinal  canal  may  determine  the  development 
of  an  unusual  form  of  hernia  such  as  an  interstitial  hernia. 

I  think  that  a  consideration  of  these  cases  will  throw  some 
light  on  the  cases  of  spastic  retraction  of  the  testicle  which 
occur  in  children. 


STUDIES   ON   TUMOUR   FORMATION 

By  G.  W.  NICHOLSON,  M.D.,  Lecturer  in  Morbid  Histology,  Guy's  Hospital. 

III.    TISSUE   MALFORMATIONS.     ANOMALIES   OF   POSITION   AND 

OF   BLENDING 

1.  Pigmented  Ncevi,  or  Cutaneous  Moles.^lJnnsi  -^  in  1896 
said  about  the  naevus-cells  that,  granted  their  epithelial  origin, 
they  support  Cohnheim's  theory  of  displaced,  dormant  tumour- 
germs  more  simply  and  beautifully  than  any  other  fact.  Their 
origin  from  the  epidermis  is  now  universally  accepted,  although 
opinions  still  differ  as  to  their  ultimate  fate. 

Moles,  as  they  are  commonly  called,  are  probably  always 
congenital;  at  any  rate,  they  are  often  discovered  at  birth,  or 
soon  after.  They  possess  a  definite  life  history.  A  period  of 
active  growth  or  adolescence  is  followed  by  one  of  adult  life, 
in  which  changes  are  slight  or  absent,  and  finally  by  one  of 
regression  and  old  age.  Only  in  the  first  period  can  their  mode 
of  origin  be  studied.  It  is  therefore  necessary  to  examine  them 
in  children,  while  they  are  still  flat,  and  before  the  papillomatous 
changes  and  the  pedunculation  to  which  they  are  liable  in  their 
later  stages  have  supervened. 

A  young  mole  is  covered  by  epidermis,  with  highly  irregular, 
elongated  and  branched  papillae.  The  columnar  basal  cells,  and 
to  a  lesser  extent  all  those  of  the  rete  MaljMghii  are  often  deeply 
pigmented,  especially  in  the  deep  j)arts  of  the  papillae.  The  hair- 
follicles,  sebaceous  and  sweat -glands,  if  present,  participate  in  the 
changes.  The  basal  cells  have  a  marked  tendency  to  become 
loosened  and  to  pass  into  the  coriuni,  becoming  detached  from 
the  epidermis.  This  is  usually  most  clearly  apparent  at  the 
apices  of  the  papilhu.  \\\\t  this  loss  of  cohesion  occurs  within 
the  substance  of  the  papilla;  as  well;  nests  of  oval  or  round 
cells  with  relatively  small,  darkly  stained  nuclei  and  homo- 
geneous "  glassy  "  cytoplasm  resulting.  These  are  the  njrvus- 
cells.  They  are  generally  more  or  less  deeply  pigmented.  They 
lie  loosely  side  by  side,  and  are  no  longer  organically  connected 
with  each  other  by  j)ricklcs.  These,  as  well  as  the  protoplasmic 
fibrils,  have  undergone  liquefaction  and  disappeared.  The 
nests  of  naevus-cells  are  at  first  entirely  intra-epithelial.  Sooner 
or  later,  however,  their  epithelial  covering  gives  way  on  the  deep 
aspect  of  the  papilla,  and  they  are  then  partly  surrounded  by 
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connective  tissue  (Fig.  21).  Fresh  nests  are  constantly  produced, 
and  the  old  ones  pass  more  and  more  deeply  into  the  coriuni. 
They  become  entangled  with  other  groups  of  n;evus-eells,  with 
the  cells  that  have  been  split  off  from  the  apices  of  the  papillae 
and  have  undergone  a  similar  transformation,  and  with  the 
fixed  and  wandering  cells  of  the  connective  tissue.  They  enter 
the  tissue  spaces  of  the  corium  and  form  irregular  columns, 
which  have  usuallv  lost  their  connections  with  the  epidermis 
(Fig.  22). 

Many  of  these  loosened  epidermal  cells  do  not  assume  the 
characteristic  form  described,  but  are  oval,  flat,  or  branched. 
Multi-nucleated  giant-cells  are  not  uncommon.  Depigmentation 
constantly  takes  place,  the  pigment  being  taken  up  and  removed 


Fig.  21. 
Pigmented  mole.     Extrusion  of  naivus-cells.     Magnif.,  175. 

by  leucocytes  and  the  fixed  cells  of  the  corium,  so  that  old 
quiescent  moles  often  contain  little  or  no  pigment,  except 
generally  in  the  basal  cells  of  their  epithelial  papillae. 

Moles  often  persist  in  this  state  for  long  periods  of  time. 
Sooner  or  later,  however,  the  mevus-cells  disappear  and  the 
corium  between  the  epidermal  papilhe  then  consists  of  a  dense 
connective  tissue,  indicated  in  the  upper  right-hand  corner  of 
Fig.  22. 

It  is  seen  from  the  above  description  that  the  naevus-cells 
are  of  epithelial  origin.  They  are,  in  fact,  epidermal  cells  that 
have  lost  their  fibrillation  and  prickles,  and  are  therefore  no 
longer  in  organic  contact  with  each  other.  In  other  words, 
they  have  lost  an  essential  epithelial  character.  They  are 
cast  out  from  the  epidermis,  and  occupy  the  tissue  spaces  of  the 
cutis. 
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It  is  necessary  to  iiu^uirc  into  the  e\  idenee  as  to  where  in  the 
body  pigment  is  produced.  Wieting  and  Ilamdi  -"  have  in\'esti- 
gated  this  point.  After  a  careful  re\ision  of  the  Hterature,  and 
as  the  result  of  their  own  cmbryological  and  niorj)hological 
studies,  they  come  to  the  conclusion  that  j)igincnt  is  only  I'ornied 
by  epithelial  cells.  All  the  cells  of  the  rete  Malpighii  can  elaborate 
pigment,  but  certain  cells,  which  arc  at  first  indistinguishable 
from  the  others  of  the  basal  layer  among  w'hich  they  lie,  become 
specialised  in  this  direction.  They  arc  the  melaiioblasts  (the 
chromatophorcs  of  writers),  and  are  elongated,  deeply  pigmented 
cells,  wdth  long  branched  pseudopodia.  l^igment  that  is  pro- 
duced in  excess  is  carried  into  the  cutis  by  the  lymph.     It  is  here 


Fig.  22. 
Pigmented  mole.     Nests  of  niT?vus-cells  in  cutis.     Magnif.,  175. 

taken  up  by  leucocytes  and  by  connective  tissue  cells,  many  of 
which  arc  branched.  To  the  latter  they  limit  the  name  of 
chromatophore.  These  cells  store  the  pigment  in  the  cutis,  or 
carry  it  away  to  the  lymph-glands,  but  never  produce  it.  The 
epithelial  origin  of  melanin  is  proved  l)y  its  presence  in  the  cells 
of  the  epidermis  long  before  traces  of  it  arc  found  in  the 
corium. 


Although  Wieting  and  Ilamdi  were  unable  to  accomplish 
the  impossible  task  of  showing  that  the  cells  of  the  mesenchyme 
never  participate  in  the  elaboration  of  pigment,  their  arguments 
have  rendered  the  assumption  that  it  has  a  dual  origin  highly 
improbable.  At  any  rate,  they  have  delinitely  refuted  Hibbert's  -- 
view  that  the  chromatophores  of  the  corium  are  the  primary 
producers  of  pigment,  and  that  they  enter  tlu^  e])iden7iis  and 
transfer  it  to  its  cells,  a  view  which,  on  purely  (i  priori  grounds, 
is  a  very  unlikely  one.     Ribbert's  argument  that  the  na-vus- 
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cells  arc  nu'snu'liyiiu>  thus  lulls  to  the  grouiul.     lie   believed 
them  to  he  viiulil'terentiatcd  chroniatophores. 

What  is  the  status  of  the  na"\  us-eells  ?  Are  they  undifl'er- 
entiated  or  degenerate  ?  The  evidenee  j)oints  very  clearly  to 
the  latter  view.  Many  writers,  of  whom  Dalla  Favera  *  is 
perhaps  the  most  emphatic,  maintain  that  they  arc  degenerated 
cells,  produced  by  liquefaction  of  the  intracellular  fibrils  and 
prickles  of  the  rete  Malpighii,  together  with  swelling  and  pyknotic 
nuclear  changes,  as  a  result  of  an  excessive  secretion  of  pigment. 
Before  this  pigmentary  degeneration  had  set  in,  these  cells 
possessed  the  same  morphological  characters  as  their  neigh- 
bours. They  therefore  show  no  signs  of  having  remained  in  an 
mulifferentiated  condition. 

It  remains  for  us  to  inquire  into  the  fate  of  these  cells. 
Opinions  differ  about  it.  The  orthodox  view  is  that  they  remain 
idle  in  the  cutis  for  a  considerable  time,  and  are  ultimately 
destroyed  and  replaced  by  a  dense,  often  hyaline,  connective 
tissue.  The  other  view  is  the  one  put  forward  by  Kromayer,^^ 
and  defended  by  him  in  a  long  series  of  articles,  as  well  as  by  a 
good  many  other  writers.  Kromayer  upholds  the  view  that  in 
every  part  of  the  skin  isolated  epidermal  cells  constantly  but 
slowly  pass  into  the  cutis,  to  reinforce  its  constituents.  To  this 
phenomenon  he  has  given  the  name  of  desmoplasia.^^  In 
nasvi  many  cells  are  rapidly  and  simultaneously  extruded,  with- 
out, however,  necessarily  becoming  converted  into  connect've 
tissue  corpuscles  (para-desmoplasia).  Judalewitsch  ^^  asserts 
that  the  nsevus-cells  actually  secrete  connective  tissue  and 
elastic  fibrils,  and  become  true  mesenchyme  cells. 

This  view  is  unorthodox,  but  not  inherently  impossible  or 
even  improbable.  It  merely  claims  a  repetition  of  the  changes 
that  take  place  in  normal  development  during  the  formation 
of  the  mesenchyme.  Our  chief  difficulty  in  accepting  it  is  our 
respect  for  authority,  I  can  see  no  reason  why  a  process  that 
occurs  on  a  large  scale  in  the  embryo  should  not  be  repeated 
during  the  subsequent  life  of  the  individual.  Every  stage  of 
development  is,  in  great  part,  at  least,  a  reaction  to  environment, 
a  response  to  the  conditions  that  affect  the  tissues.  Why  should 
not  conditions  occasicjually  arise  in  later  life,  conditions  we 
are  pleased  to  regard  as  abnormal,  that  are  able  to  provoke  a 
similar  response?  The  only  bar  that  I  can  see  to  this  reaction 
is  the  complete  exhaustion  of  the  power  so  to  react.  Ikit  the 
long  period  of  development  o\er  which  the  extrusion  of  the 
mesenchyme  takes  j)laee,  and  its  geiuralised  distribution  all 
over  the  body,  render  such  an  exhaustion  improbable.  Post- 
natal mesenchyme  formation  affords  a  rational  explanation  of 
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several  kinds  of  tiunours,  as  we  shall  have  ample  opportunities 
to  see.  The  na?vus-eells  appear  to  nie  to  be  an  exeellent  example 
of  a  belated  attempt  at  mesenehyme  formation,  since  the 
proeess  by  whieh  they  are  cast  off  is  essentially  the  same  as 
that  which  occin-s  during  the  development  of  the  mesenchyme 
of  the  embryo. 

If  we  believe  that  the  najvus-cells  are  converted  into  con- 
nective tissue  corpuscles,  the  slow  ageing  and  fibrosis  that  always 
take  place  in  moles  are  readily  explained.  If  we  are  not  pre- 
pared to  accept  this  view,  there  are  no  grounds  for  the  belief 
that  they  lie  dormant  for  indefinite  periods  of  time.  Even  young 
moles  show  evidence  of  fibrosis  and  destruction  of  njevus-cells. 
Adult  moles  always  show  signs  of  the  passage  of  isolated  epider- 
mal cells  into  the  cutis,  as  well  as  of  fibrosis  of  the  latter  (Fig.  22). 
In  old  hyaline  moles  the  naivus-eells  disappear,  and  the  fibrosis 
dominates  the  picture.  I  conclude,  therefore,  that  the  naevus- 
cells  have  a  definite  life-history.  They  are  extruded  from  the 
epidermis,  rapidly  at  first,  then  more  and  more  slowly.  They 
are  gradually  either  converted  into  connective  tissue  or  destroyed. 
These  two  processes,  or,  to  be  accurate,  the  one  we  are  prepared 
to  accept,  become  more  and  more  extensive  as  the  age  of  the 
mole  advances,  a  time  being  reached  at  which  the  elimination 
exceeds  the  production  of  na^vus-cells. 

There  is,  therefore,  no  evidence  that  naivus-cells  are  undiffer- 
entiated cells,  since  it  points  to  the  conclusion  that  they  are 
degenerate.  Nor  is  there  evidence  that  these  cells  persist 
indefinitely  in  a  functionless  condition. 

Cutaneous  moles  arc  probably  always  congenital  anomalies, 
although  occasionally  they  have  first  been  noted  in  later  life 
{N(Bvi  tardi).  Whether  or  not  the  latter  ha^•e  been  present 
since  before  birth  in  a  rudimentary  state  it  is  impossible  to 
decide,  since  we  have  no  knowledge  of  the  histological  apjjcar- 
anees  of  the  skin  before  their  inception.  I  have,  I  believe,  brought 
forward  some  evidence  that  the  najvus-cells  are  not  congenital, 
but  that  they  are  produced  during  the  greater  part  of  the  life 
of  the  mole.  I  do  not  know  the  nature  of  the  anomaly  on  the 
basis  of  which  they  arise.  It  appears  to  be  a  derangement  of  the 
regulation  of  pigment  production.   Its  causation  is  (juite  obseiu'c. 

I  wish  to  draw  attention  to  Bettmann's  -  chapter  on  malform- 
ations of  the  skin.  It  is  a  fine  attempt  to  explain  them  by 
means  of  external  causes  in  preference  to  primary  vices  of  the 
cells.  He  brings  out  most  clearly  the  lamentable  state  of  our 
ignorance  of  ante-natal  pathology  and  of  the  mechanism  of 
development. 

Aceordinj;   to   the   classification    of   tissue    maUorniations    I 
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liave  iuloj)tcd,  i)ignieiitccl  moles  arc  anomalies  oi'  })ositioii 
morphologically,  since  they  arc  characterised  by  the  dislocation 
ot"  epidermal  cells,  the  na>viis-cells,  into  the  cutis. 

2.  .Icccssory  Suprarcnals. — No  congenital  displacement  is 
probably  better  known  than  the  pieces  of  suprarenal  cortex 
that  are  foimd  in  a  variety  of  situations.  They  have  often  been 
quoted  as  proof  positive  of  the  truth  of  Colmheim's  theory  of 
tumour  formation.  Whether  rightly  or  wrongly,  I  hope  to 
show  on  a  future  occasion. 

I  do  not  at  present  propose  to  discuss  the  minute  hyper- 
plasias of  the  suprarenal  cortex,  except  to  point  out  that  they 
merge  by  imperceptible  degrees  with  the  so-called  adenomata. 
They  illustrate  the  dilhculty,  or  rather  the  impossibility,  of 
deciding  where  hyperplasias  end  and  tumour  formation  begins, 
and  the  truth  of  the  contention  in  the  first  of  these  studies,  that 
there  are  no  essential  differences  between  tumours  and  the 
normal  tissues. 

Nor  are  there  appreciable  differences  between  the  cortical 
adenomata  and  certain  accessory  suprarcnals,  wherever  situated. 
The  latter  are  linear  strips  or  round  or  oval  nodules.  When 
small,  no  demarcation  into  zones  can  be  made  out  in  these 
forms.  In  larger  specimens,  however,  there  is  present  a  super- 
ficial zona  glomerulosa  beneath  the  whole  of  the  circumference. 
It  passes  internally  into  a  zona  fasciculata.  A  zona  reticularis 
is  found  at  the  centre;  it  may  be  solid,  or  contain  one  or  more 
wide,  thin-walled  blood-vessels,  surrounded  by  a  varying  amount 
of  connective  tissue.  The  epithelium  presents  all  the  characters 
of  that  of  the  suprarenal  cortex.  Vaeuolation  due  to  the  presence 
of  lipoids  is  often  a  marked  feature,  and  gives  the  nodules  their 
characteristic  pale  yellow  colour.  Minute  areas  of  hyperplasia 
are  not  uncommon.  A  fibrous  capsule  partially  or  completely 
surrounds  the  accessory  organ. 

Were  I  to  describe  the  adenomata  of  the  cortex  of  the 
suprarenal,  I  should  have  to  use  identical  words.  They  are 
indistinguishable  from  the  accessory  nodules. 

The  presence  of  zones  in  some  accessory  suprarcnals,  and 
their  absence  in  others,  does  not  necessarily  mean  that  dis- 
placement has  occurred  at  a  late  stage  of  development  in  the 
one  case,  after  differentiation  of  the  zones,  or  at  an  early  period 
in  the  other.  Nor  does  it  imply  that  cells  of  all  the  layers  were 
displaced  together,  or  only  those  of  one  zone.  There  is  no 
reason  to  suppose  that  all  the  cells  of  the  cortex  are  not  equivalent, 
and  that  they  cannot  replace  and  regenerate  each  other.  Their 
morphological  differences  are  due  chiefly  to  their  manner  of 
grouping,  and  are  caused  by  their  position  in  relation  to  the 
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surface.  The  cells  ol'  the  small  accessory  nodules  would  seem  to 
be  subjected  to  an  environment  which  is  too  uniform  to  enable 
such  differences  to  be  produced.  Traces  of  a  superficial  zona 
glomcrulosa  can,  however,  often  be  made  out  in  very  small 
specimens. 

Within  the  substance  of  the  suprarenal  glands  stages  inter- 
mediate between  tlie  hyperplasias  and  the  cortical  adenomata, 
as  they  are  generally  named,  can  be  made  out.  The  latter 
sometimes  attain  a  diameter  of  one  or  more  centimetres.  They 
are  often  surrounded  by  a  capsidc,  but  this  may  be  absent,  even 
in  large  specimens.  They  project  above  the  surface  or  into  the 
medulla  of  the  gland,  and  are  sometimes  completely  dislocated 
into,  and  surrounded  by  the  cells  of  the  latter.     \Vhen  they  are 
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Fig.  23. 
Accessory  suprarenal  on  kidney.     Cortex  and  medulla.     IMagnif..  i'(». 

raised  above  the  surface,  they  are  covered  suj)erfieially  by  the 
capsule  of  the  gland.  Others  are  pedunculated  and  attached 
by  a  bridge  of  cortex  of  varying  thickness.  Others,  again,  arc 
united  to  the  surface  of  the  suprarenal  only  l)y  their  capsule. 
Yet  others  are  free  within  the  areolar  tissue  siuTounding  the 
gland.  All  the  stages  of  dislocation  and  emigration,  and  of  the 
production  of  accessory  nodules,  are  thus  represented  by  them. 
I  have  seen  an  oval  encapsulated  accessory  suprarenal 
among  the  ganglia  of  tiie  solar  })lexus.  It  measiu'cs  5  nun.  in 
its  greatest  diameter,  and  is  bright  yellow  in  colour.  Its  centre 
consists  of  zona  reticularis,  peripherally  to  which  the  other 
zones  are  indicated. 

Pieces  of  suprarenal  cortex  are  found  not  uncommonly  on 
and  near  the  kidneys,  in  the  areolar  tissue  outside  their  capsules, 
within  the  capsule,  or  under  it  on  the  surface  of  the  kidneys. 
They  are  most  frequent  on  and  around  the  u])per  pole  of  the 
kidneys  and  near  their  external  border.  Tiiey  are  rare  near  the 
lower  pole. 
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AVhen  accessory  siiprarenals  occur  beneath  the  renal  capsule 
they  assiuiie  a  nodnhir  or  an  elonoated  lorni.  Flat  strips 
of  cortex  arc  found  at  the  iij)})er  pole  of  the  kidney,  above 
^vhose  surface  they  often  project  around  their  circumference 
{vidr  Fii2f.  11  (II-))-  When  large,  they  consist  of  a  double  layer 
of  cortex,  folded  on  itself  at  its  margins,  in  which  the  normal 
zones  are  usually  well  develo})ed.  Their  centre  may  be  occupied 
bv  a  solid  zona  reticularis  witli  thin-walled  l)lood-vessels.     More 


Fig.  24. 
Accessory  suprarenal  on  kidney.     Inclusion  of  renal  tubules.     Magnif.,  90. 

frequently  it  consists  of  a  series  of  vessels  surrounded  by  con- 
nective tissue.  These  linear  strips  sometimes  attain  a  large 
size.  The  biggest  I  have  seen  measures  25  mm.  in  length.  I 
have  seen  such  a  strip,  nearly  a  cm.  in  length,  adherent  to  the 
upper  pole  of  both  kidneys  of  a  child  of  four  weeks. 

Suprarenal  medulla  is  said  to  be  absent  except  in  the  nodules 
in  the  solar  plexus.  Fig.  23  represents  a  part  of  a  linear  acces- 
sory suprarenal  under  the  capsule  of  the  kidney  at  its  upper 
pole.  It  was  not  connected  with  the  suprarenal  gland.  It 
consists  from  without  inwards  of  the  usual  cortical  zones,  the 
deeper  part  of  which  only  appears  in  the  figure.     Next  coines  a 
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layer  of  deeply  stained  medulla,  which  is  separated  Iroin  the 
kidney  by  an  irregular  zona  olonicrulosa.  Although  the  section 
has  not  been  chromated,  there  ean  be  no  doul)t  about  the  medulla, 
since  bundles  of  nerves,  in  Avhieii  a  lew  sympath.etie  ganglion- 
cells  can  be  seen  in  tlic  drawing,  accompany  the  wide  blood- 
vessels. These  nerves  are  always  found  in  the  medulla,  and 
connect  it  with  the  sympathetic. 

Accessory  suprarenals  on  the  kidney  are  usuallv  of  the 
nodular  form  described  above.  They  are  rarely  nHdtii)le. 
They  and  the  linear  strips  are  often  separated  from  the  renal 
tissue  by  a  fibrous  capsule,  w^hich  may,  however,  be  incomplete 
or  absent.  The  suprarenal  cells  now  come  into  contact  with 
the  tubules  of  the  kidney,  and  grow  dcnvnwards  between  them 
in  the  shape  of  groups  and  cohunns  (Fig.  24).     This  phenomenon, 
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Fig.  -IT). 
Accessor}'  supiaienal  on  Ividncy.     Ingrowtli  of  convoluted  tubulo.     Masnif.,  80. 

which  will  be  discussed  again  in  the  next  study,  is  merely  the 
expression  of  the  struggle  that  takes  place  when  two  kinds  of 
epithelium  come  into  abnormally  close  contact.  It  has  nothing 
to  do  with  an  increased  activity  of  the  suprarenal  cells  due  to 
their  having  originally  been  displaced,  although  it  is  true  that 
they  are  usually  victorious  in  the  struggle  for  supremacy. 
Fig.  24  shows  dilated  renal  tubules  within  the  substance  of  tlie 
accessory  organ.  Eesidcs  exhibiting  a  tendency  to  form  groups 
in  every  part  of  the  specimen,  every  group  probably  representing 
sections  of  one  tubule,  they  project  above  the  surface  of  the 
kidney.  This  lies  at  the  level  of  the  fibrous  septum  in  the 
(igure,  the  strip  of  suprarenal  being  entirely  superficial  to  it. 
Tliesc  tubules  can  otily  have  reached  their  present  jiosition  by 
an  active  growth  into  the  foreign  tissue. 

FijT.  25  is  an  even   better  illustration  of  this.      A  conxoluted 
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tuhuK'  o(  the  kidney  extends  almost  throuoliout  the  ^vhole  of 
the  tliickncss  of  the  accessory  suprarenal.  Its  nuclei  are 
increased  in  number.  Its  ap])earanee  is  ])erfeetly  healtliy  and 
suooests  that  its  cells  were  proliferating  witliin  the  foreign  tissue. 

I  ha\e  oliserved  these  renal  tubules  and  cysts  in  seven  of 
my  specimens;  they  a})pear  to  be  not  unconuuon.  Only  once 
have  I  seen  a  lo])ulated  hyaline  ball,  with  a  few  flattened  cells 
around  it,  which  I  believe  to  ))c  the  remains  of  a  glomerulus, 
within  the  substance  of  the  accessory  tissue.  It  was  sitiuited 
below  the  level  of  the  surface  of  the  kidney. 

One  of  the  accessory  suprareiuils,  which  was  on  tlie  surface 
of  the  kidney,  had  sent  a  narrow  tongue,  4  mm.  in  lengtli, 
downwards   between   the  renal   tubules   from   its   deep   aspect. 


Fig.  26. 
Accessory  supiaienal  on  kidney.     Extension  into  latter.     Magnif.,  50. 

It  appears  to  Ijc  isolated  in  sections,  and  is  represented  in 
Fig.  20.  The  superficial  nodule  would  lie  at  a  distance  of 
about  5  cm.  I'rom  the  left-hand  border  of  the  drawing.  The 
narrow  process  has  been  cut  at  two  levels.  It  consists  of  zona 
glomerulosa.  The  centre  of  the  larger  of  its  two  sections  is 
occupied  by  a  band  of  cellular  fibrous  tissue.  The  space  on 
the  left  of  the  drawing  is  part  (jf  a  wide,  thin-walled  vein. 

I  have  not  attempted  to  form  an  accurate  estimate  of  the 
frequency  of  accessory  suprarcnals  on  the  kidney.  In  my 
experience  they  are  much  conmioner  than  (ilynn  "^  has  found 
them.  The  above  account  is  based  on  twenty-two  specimens 
I  have  preserved. 

In  Study  II.  (Fig.  11)  I  used  an  accessory  suprarenal  on  the 
kidney  to  illustrate  the  mode  of  formation  of  displaced  tissues. 
In  four  of  my  specimens  there  is  a  localised  patch  of  cirrhosis 
of  the  ki(hiey  at  one  or  more  points  iiumediately  bcneatli  the 
accessory  organ.     Minute  retention  cysts  are  present  in  them 
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all.  Eight  specimens  show  a  very  conspicuous,  wide,  thin- 
walled  vein,  not  surrounded  by  scar-tissue,  in  this  situation 
(Fig.  26).  In  a  linear  accessory  suprarenal,  of  which  I  possess 
serial  sections,  a  vein  extends  longitudinally  across  the  whole 
of  its  deep  aspect  at  its  centre,  separating  it  from  the  kidney. 
These  appearances  suggest  that  the  displacement  was  caused 
by  an  inflanmiatory  focus,  or  by  the  presence  of  an  abnormal 
blood-vessel  between  the  suprarenal  and  the  kidney. 

Nodules  of  suprarenal  cortex  have  been  described  imder 
Glisson's  capsule  on  the  lower  surface  of  the  right  lobe  of  the 
liver.  Schmorl,-^  who  was  the  first  to  draw  attention  to  them, 
saw  them  on  three  occasions,  in  addition  to  an  encapsulated 
tumour,  which  may  have  consisted  of  suprarenal  tissue.  In  one 
of  his  cases  there  were  three  nodules ;  in  another  invasion  by 
bile-ducts  and  liver-cells  had  taken  place.  I  have  been  un- 
successful in  finding  them.  (I  have  twice  seen  a  minute  rounded 
grey  body  adherent  to  Glisson's  capsule  in  the  suprarenal 
impression  on  the  right  lobe,    Poth  of  these  were  lymph-glands.) 

Accessory  suprarenals  are  found,  below  the  level  of  the 
kidneys,  on  and  close  to  the  spermatic  vein  in  both  sexes.  They 
are  said  to  be  much  commoner  in  infants  than  in  adults,  and 
occur  in  the  broad  ligament,  and  on  the  spermatic  cord.  They 
have  been  seen  at  the  hilum  of  the  ovary  and  between  the  epi- 
didymis and  the  testis.  According  to  Glynn, ^  who  has  recently 
investigated  this  question  and  collected  the  literature,  no  certain 
case  of  their  presence  within  the  substance  of  the  gonad  has 
been  recorded.  I  have  seen  an  accessory  suprarenal,  .3  to 
4  mm.  in  diameter,  among  the  veins  of  the  pampiniform  plexus 
in  two  cases  operated  on  for  inguinal  hernia;  one  in  a  boy  of 
eight,  the  other  in  a  young  adult  male.  Dr.  P.  P.  Laidlaw  has 
shown  me  sections  of  a  small  one  on  the  epididymis,  and  of 
another  between  the  layers  of  the  Ijroad  ligament  near  the 
ovary.  He  found  them  both  in  fatal  cases  of  Addison's  disease. 
They  show  a  marked  degree  of  compensatory  hyperplasia  ol 
their  epithelium,  with  active  growth.  This  is  partly  expansive, 
and  in  part  infiltrative.  Dr.  Laidlaw  has  allowed  me  to  make 
a  drawing  of  the  nodule  in  the  broad  ligament  (Fig.  27).  In 
addition  to  invasion  of  the  neighl)ouring  areolar  tissue  and 
fat,  the  figure  shows  the  great  irregularity  in  size  and  shape  of 
the  epithelium.  ^NFany  of  its  cells  have  undergone  an  extreme 
degree  of  fatty  change,  which  I  have  attempted  to  reproduce 
as  black  dots.  This  is  not  to  be  regarded  as  a  primary  (hgciura- 
tion,  but  as  evidence  of  a  physiological  activity  comj)arai)le  with 
that  which  normally  takes  place  in  the  suprarenal  cortex,  and 
is  associated  with  the  exercise  of  its  functions. 
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The  specimen  proves  conclusively  that  an  accessory  organ 
is  able  to  respond  to  the  needs  of  the  body  in  a  physiological 
manner,  and  can  undergo  compensatory  hypertrophy  when  the 
normal  tissue  to  which  it  corresponds  is  insuflicient  or  has  been 
destroyed.  Far  from  displaying  an  "  cmbrN'onic  "  organisation, 
accessory  suprarcnals  arc  normal  organs  with  active  physio- 
logical functions.  The  amount  of  growth  and  invasion  of  their 
surroundings  displayed  by  the  cells  of  the  specimen  is  no  greater 
than  that  exhibited  by  a  perfectly  normal  organ. 

Except  for  changes  like  these,  accessory  suprarcnals  do  not 
differ  in  structure  from  the  cortex  of  that  gland.     We  have  seen 
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Fig.  27. 

Accessory  suprarenal  in  broad  ligament.     Compensatory  hyperplasia 

in  Addison's  disease.     Magnif.,   175. 

above  that  the  latter  is  very  liable  to  hyperplasia  with  adenoma 
formation.  This  character  is  shared  by  accessory  suprarcnals. 
Kettle  11  (p.  1.35,  Fig.  80)  illustrates  one  on  the  surface  of  the 
kidney.     It  contains  an  adenoma. 

According  to  Hroman  ^  (p.  407)  the  cortex  of  the  suprarenal 
begins  its  development  during  the  fourth  week  of  embryonic 
life  (length  of  embryo  =  5-6  mm.)  as  a  series  of  discrete  nodular 
thickenings  of  the  coelomic  epithelium,  which  soon  become 
confluent.  Later  (14-20  mm.)  sympathetic  cells  begin  to 
penetrate  its  dorso-median  aspect.  They  give  rise  to  the 
medulla.  The  suprarcnals  are  at  first  in  intimate  relation  with 
the  VVolllian  Ixxlies  and  gonads,  later  (15  nun.)  they  come  into 
contact  with  the  kidneys.  The  right  suprarenal  is  more  or  less 
surrounded  by  the  liver  (24  mm.). 

Accessory  pieces  of  cortex  may  result  either  from  failure  of 
one  of  the  coelomic  anlagcn  to  unite  with  the  others,  or  from 
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the  isolation  of  cortical  cells  by  those  of  the  sympathetic.  I 
have  attempted  above  to  show  the  part  that  pathological 
adhesions  play  in  their  formation.  If  union  has  taken  place 
with  the  gonad,  the  suprarenal  cells,  or  some  of  them,  are 
liable  to  be  left  behind  at  every  part  of  the  course  it  has  taken 
in  its  descent. 

Accessory  sujjrarenals  are  the  classic  example  in  the  body  of 
displacement,  from  simple  dislocation  to  emigration  to  great 
distances.  They  apj^ear  to  be  caused  by  abnormal  blending 
of  tissues,  or  unlawful  cell  union. 

3.  Other  heterotopic  tissues  in  the  kidneys. — Bundles  of  plain 
muscle  are   not  uncommonly   found   in  the  renal   capsule,   or 
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Fig.  28. 

Subcapsular  lipoma  of  kidney.     (Superficial  part  torn  away  with  capsule.) 

Masznif..  90. 


embedded  in  the  cortex  of  the  organ,  when  they  usually  adhere 
to  the  capsule.  They  occasionally  attain  a  considerable  size 
and  may  be  multiple,  when  they  are  connnonly  spoken  of  as 
myomata.  I  have  seen  one  that  measured  nearly  a  cm. 
in  diameter.  They  are  the  remains  of  the  muscle  fibres  that 
are  relatively  abundant  in  the  renal  capsule  of  the  hrtus. 
They  have  failed  to  involute,  and  have  undergone  abnormal 
blending  with  the  cortex,  A  limited  amount  of  independent 
growth  has  taken  place  in  the  largest  specimens.  They  arc 
excellent  examples  of  hamartomata,  conditions  intermediate 
between  malformati(^ns   and   tumours. 

Lobules  of  adipose  tissue,  belonging  to  the  perirenal  fat,  arc 
of  connnon  occurrence  in  and  under  the  capsule.  Their  atiology 
is  similar   to   that   of  the   nodules   of  plain   muscle.     Fig.   28 
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illustrates  one  of  these.  It  shows  the  orderly  and  perfect  manner 
in  which  the  adipose  tissue  has  blended  wdth  the  kidney.  There 
are  no  sio^ns  of  compression  or  atropliy  of  either.  Incidentally 
it  exemplifies  the  fact  that  an  innocent  tumour  (for  it  Avould 
unhesitatiuij^ly  he  called  a  lipoma  by  most  pathologists)  can  be 
perfectly  unencapsulated.  The  Avide  vein  near  the  lower  part 
of  the  drawing  is  worthy  of  note. 

Nodules  of  hyaline  cartilage  occur  in  cystic  and  malformed 
kidneys  (Fig.  10  (T.)).     They  will  be  discussed  below. 

t.  Mdancphric  tubules  in  round  ligament  of  uterus. — Twisted 
tubules  with  solid  glomeruli,  surrounded  by  a  fibro-ccllular 
stroma,  are  sometimes  found  in  the  round  ligament  of  the 
uterus.     I  -'  (Fig.  10)  ha^■e  described  and  ligured  one  in  a  case 


Fig.  29. 
Skeletal  muscle  in  capsule  of  parenchymatous  goitre.     Magnif.,  50. 

in  which  the  left  ligament  was  shortened  and  thickened.  They 
are  of  importance  in  the  causation  of  adeno-myomata,  and  arc 
usually  supposed  to  be  aberrant  Wolffian  tubules.  Meyer,  ^^ 
however,  who  describes  one  in  a  23  nmi.  embryo,  points  out 
that  the  Wolffian  body  does  not  extend  beyond  the  insertion 
of  the  round  ligament,  which  lengthens  instead  of  shortening, 
and  therel'ore  cannot  drag  parts  of  the  organ  caudad.  The 
metanephros  originally  lies  close  to  the  inguinal  canal.  The 
aberration  is  caused  by  adhesion  of  a  part  of  the  renal  blastema 
to  the  abdominal  wall  at  this  point. 

5.  Heterotopic  striated  muscle. — Fig.  29  shows  a  number  of 
fibres  of  skeletal  muscle  within  the  capsule  of  a  parenchymatous 
goitre  in  a  girl  of  fourteen.  With  a  higher  power  of  the  micro- 
scope many  of  them  exhibit  well-marked  cross  striation,  whereas 
others  have  undergone  a  form  of  hyaline  degeneration.     The 
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capsule  is  fibrous  and  accilular.  Tiic  presence  oi'  striated  muscle 
in  this  situation  is  explained  by  an  abnormal  adhesion  to  one 
of  the  nei(Thl:)ouring  nuiscles  during  the  development  of  the 
capsule  of  the  thyroid.  Some  of  the  librcs  of  the  former  were 
detached  and  incorporated  within  the  latter. 

Since  the  capsule  is  thickened  as  the  result  of  the  tension 
exerted  by  the  parenchymatous  enlargement  of  the  gland,  it  is 
not  possible  dcfmitely  to  exclude  the  post-embryonic  formation 
of  this  anomaly.  The  accllularity  of  the  capsule  and  the 
complete  absence  of  signs  of  old  inflammatory  trouble  within 
it  render  it  probable  that  it  is  a  developmental  malformation. 
It  is  a  typical  illustration  of  the  result  of  an  abnormal  blending 
of  tissues. 

Skeletal  nuisclc  has  been  recorded  within  the  thyroid. 
Zielenska.-'-'  for  instance,  found  groups  oi  muscular  bundles 
scattered  in  the  broad  interlobular  septa  of  the  gland  in  a  newly 
born  infant.  They  did  not  penetrate  the  capsule.  She  found 
a  similar  condition  in  the  thyroid  of  a  dog.  She  explains  it  as 
an  abnormal  inclusion  prior  to  the  formation  of  the  caj)sule. 

(iiani  ^  records  the  j)resence  of  striated  nuisclc  in  the  hyj)cr- 
trophied  prostate  of  a  man  of  seventy-three.  The  epithelium 
of  the  gland  is  normal.  Its  stroma  consists  of  the  usual  con- 
nective tissue  and  plain  nuisclc,  and  includes  numerous  isolated 
elements  and  groups  of  skeletal  muscle.  Tubular,  oval,  fusi- 
form, and  branched  forms  occur.  There  are  signs  of  vacuolar 
degeneration  and  atrophy  in  some  of  them.  Their  arrangement 
is  irregular,  they  occupy  the  greater  part  of  the  organ,  antl  are 
not  attached  to  its  capsule.  He  concludes  that  they  are  deriv- 
atives of  the  sphincter  urethrse,  since  he  was  unable  to  find 
transitions  between  them  and  the  plain  muscle  of  the  prostate. 
He  believes  such  a  metamorphosis  to  be  impossible  on  theoretical 
grounds. 

It  is  very  diflieult  to  decide  if  skeletal  muscle  ever  arises 
from  any  kind  of  mesenchyme  cell.  It  appears  to  be  developed 
in  the  embryo  from  the  muscle  plates  of  the  mesoblast  by 
elongation  and  proliferation  of  cells  after  the  niamier  of  an 
epithelium.  This  is  so  in  the  trunk  and  limbs,  whereas  in  tlu' 
head  the  conditions  arc  somewhat  different.  Hut  even  here  it 
is  claimed  by  many  embryologists  that  delinite  mesodermal 
muscle  plates  are  formed.  Others,  however,  are  inclined  to 
the  view  that  skeletal  muscle  does  occasionally  arise  from 
mesenchyme  cells.  Plain  muscle  arises  everywhere  in  this 
manner. 

Again,  there  is  a  good  deal  of  evidence  that  the  striped  muscle 
of  certain  tumours  is  develojxd  from  sj^indle-shaped  mesen- 
ehvme   cells.       Hut    it    is    not    at    all    certain    if    these   striated 
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elonieiits  are  strictly  comparable  with  those  ol'  skeletal  nnisclc. 
Simple  malformations,  however,  can  best  he  explained  as 
anomalies  of  blciuliiio-.  Some  of  them  are,  indeed,  incapable 
ot"  another  explanation. 

Zipkin  ^-^  records  an  interesting  case.  The  left  limg  of  a 
feetns  of  the  thirty-third  week  is  represented  by  a  tumonr, 
which  corresponds  with  it  in  size  and  shape,  bnt  is  not  di\ided 
into  lobes.  It  is  miil'orm  in  consistency,  except  for  the  bronchi, 
that  are  present  throughout.  The  microscope  shows  a  cellular 
stroma  with  a  preponderance  of  fibres  and  cells  of  striated 
muscle.  The  bronchi  are  normal,  except  that  the  whole  of 
their  muscular  coats  is  represented  by  skeletal  muscle.  This 
condition  can  be  explained  as  a  case  of  abnormal  blending, 
followed  by  proliferation  of  the  nnisclc.  Zipkin  herself  adopts 
this  view.     It  is  a  typical  hamartoma. 

Schaeffer's  ^^  case  bears  a  certain  resemblance  to  that  of 
Giani.*'  In  a  male  foetus  of  the  sixth  month,  with  numerous 
malformations,  complete  aplasia  of  the  left  ureter  and  kidney, 
and  indeed  of  the  whole  of  the  left  Wolffian  body,  the  right 
ureter  was  occluded  close  to  the  bladder,  and  the  corresponding 
kidney  had  become  cystic.  Among  the  altered  renal  structures 
the  following  heterotopic  tissues  were  found  on  histological 
examination  :  Solid  branched  masses  of  epithelium,  whose 
nature  is  doubtful, — bundles  of  nerve, — lobules  of  adipose  tissue, 
— fibres  of  plain  muscle, — bundles  of  skeletal  muscle,  intimately 
intermingled  w  ith  the  renal  tissue, — and  nodules  of  a  very  cellular 
embryonic  cartilage,  wdthout  capsules  or  intercellular  substance. 
Schaeffer  derives  the  plain  muscle  from  that  normally  present  in 
the  developing  kidney,  and  points  out  the  close  proximity  of  the 
renal  anlage  to  the  mesoblastic  somites.  He  regards  the  volun- 
tary muscle  as  an  inclusion  within  it  of  cells  of  the  myotome, 
and  the  cartilage  as  a  derivative  of  the  sclerotome. 

The  only  observ' ation  of  this  kind  that  I  have  made  concerns 
the  retroperitoneal  teratoma,  one  of  whose  organs  was  repro- 
duced in  Fig.  1  (I.).  I  have  omitted  tumours  as  much  as  possible 
from  these  studies  of  malformations,  but  have  no  hesitation 
in  making  use  of  this  one  here.  Teratomata  are  typical  hamar- 
tomata,  that  is  to  say,  they  partake  of  the  nature  of  a  mal- 
formation and  a  tumour.  The  degree  of  differentiation  and 
specialisation  of  the  tissues  and  organs  of  the  specimen  is  so 
great  that  it  can  almost  be  called  an  included  amorphous 
monster.  The  principal  feature  that  distinguishes  it  from  an 
acardius  amorphus  is  the  fact  that  it  is  not  covered  by  epidermis. 
This  difference  almost  certainly  depends  on  its  environment, 
since  it  led  a  sheltered  life  within  the  abdomen. 

The  teratoma  in  (piestion  consists  of  an  oval  bilocular  cyst, 
whic-h    fills   the   greater   part   of  the   abdominal    cavity.     It   is 
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surrounded  by  loose  areolar  tissue,  and  reeei\'es  its  blood  supph' 
from  the  aorta  by  four  branches  that  arise  from  its  left  side, 
in  series  with  the  intercostal  and  limil)ar  arteries.  It  lies  in 
front  of  the  aorta,  and  is  covered  l)y  ])eritoneuni  on  its  anterior 
surface.  The  only  spot  at  which  it  is  firndy  attached  to  the 
surrounding  viscera  is  between  the  upper  pole  of  the  lel't'kitlney 
and  the  left  suprarenal.  These  organs  are  widely  separated  by 
it.  On  its  posterior  aspect,  at  the  apex  of  the  curve  formed  by 
its  convex  right  border,  there  is  an  elevated,  almost  spherical 
mass,  measuring  ajiproxiniately  3  cm.  in  all  dimensions.  It 
fuses  with  the  wall,  but  ])rojects  backwards.     Its  bulk  therefore 
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Retroperitoneal  teratoma.     Anomalous  blending  of  kidney  anlagc, 
skeletal  muscle,  and  adipose  tissue.     Magnif.,  175. 

lies  outside  the  teratonui.  It  differs  from  it  in  colour  and 
consistency,  and  produces  the  impression  that  it  is  not  one  of 
its  original  constituents,  but  that  it  has  blended  with  it.  Its 
position  in  regard  to  the  attachment  of  the  teratoma  to  the  region 
of  the  upper  })()le  of  the  left  kidney  is  worthy  of  note.  It  is 
as  far  removed  I'rom  it  as  the  dimensions  of  the  cyst  permit. 

This  mass  of  tissue  is  a  kidney  anlage,  which  has  bUndi'd 
and  intermingled  with  the  skeletal  muscle  and  adipose  tissue 
of  the  cyst  wall  (Fig.  30).  I  cannot  decide  if  it  is  a  i)art  of  the 
teratoma,  or  a  renuumt  of  the  left  Wolllian  body  or  nu'tanephros 
of  the  host.  The  cyst  has  obviously  origiiuited  in  the  ^Vol^inn 
body.  This  is  shown  l)y  its  attaclmient  between  the  u|)per 
pole  of  the  kidney  and  the  suj)rarena[,  and  by  its  blood  su|)ply. 
If  it  had  expanded  within  the  Wolllian  body  and  caused  it  to 
give  way  on  its  antero-lateral  aspect,  a  fragment  of  mesoiu  phrie 
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tissue  adhering  to  its  surlaee  here,  would  eventually  occupy 
the  identical  position  ot"  the  mass,  as  a  result  of  the  expansive 
growth  ol"  the  cyst.  Again,  the  renal  tissue  does  not  extend  to 
the  cavity  of  the  latter,  but  is  separated  from  it  by  a  distinct 
zone  of  areolar  and  adipose  tissue.  Renal  tissue  has  not 
hitherto  been  described  in  teratomata  (Heijl  ^).*  This  is,  of 
course,  no  reason  why  it  should  not  be  j)resent  in  this  ease  as 
one  of  its  intrinsic  components.  I  have,  however,  not  been  able 
to  satisfy  myself  that  the  secretory  part  of  the  corresponding 
metanephros  is  ever  developed  from  the  intermediate  cell  mass 
when  there  is  complete  aplasia  of  a  ureteric  bud  of  the  Wolffian 
duct.  jNIv  limited  experience  has  been  that,  when  the  ureter 
is  absent,  there  is  no  trace  of  the  kidney,  and  that  the  severe 
degrees  of  congenital  cystic  kidney  always  possess  a  ureter, 
I  have  not  found  time  to  make  an  exhaustive  search  of  the 
literature  of  this  subject.  It  remains  to  be  seen  in  how  far 
the  development  of  the  ureter  and  kidney  are  correlated  with 
each  other,  and  if  the  former  acts  in  some  w^ay  as  a  stimulus 
to  the  formation  of  the  latter.  There  are,  it  is  true,  some  large 
cysts  in  the  renal  anlage  and  at  its  base.  The  former  are  lined 
by  cubical  epithelium  wdiich  is  practically  featureless  and  gives 
no  clue  to  their  nature.  I  am  inclined  to  regard  them  as  dilated 
secretory  tubules.  The  cysts  at  its  base  are  clearly  ependymal, 
and  form  part  of  the  lining  of  the  cavity  of  the  teratoma.  In 
no  part  of  it  is  there  a  tube  lined  by  transitional  epithelium,  that 
could  be  a  ureter. 

On  the  whole  I  incline  to  the  view  that  our  renal  anlage  is 
in  reality  a  persistent  part  of  the  meso-  or  metanephros  of  the 
bearer  of  the  teratoma.  There  is  no  difficulty  in  the  way  of  our 
acceptance  of  this  view.  I  need  but  refer  to  the  section  on 
persistent  embryonic  organs  in  Study  II.  as  well  as  to  the 
evidence  I  have  collected  ^^  that  parts  of  foetal  organs  that 
usually  disappear,  persist  occasionally  and  undergo  a  differen- 
tiation identical  in  kind  and  degree  with  that  of  the  normal 
tissues  derived  from  these  organs. 

Whatever  be  its  exact  nature,  the  specimen  is  a  typical 
instance  of  the  abnormal  blending  of  tissues.  Fig.  30  shows 
masses  of  epithelium,  some  of  which  are  solid,  whereas  others 
exhibit  different  stages  of  tubule  formation.  Glomeruli  are 
present.  They  are  generally  solid,  but  some  of  them  contain 
a  few  capillaries.  Part  of  a  bundle  of  skeletal  muscle  is  repre- 
sented in  the  figure.  Its  fibres  are  narrow,  and  correspond  wdth 
the  stage  of  development  of  the  late  weeks  of  intra-uterine  life. 
Their  nuclei  are  relatively  large  and  numerous,  and  cross 
striation  is  well  marked  in  some  of  them.  A  sarcolemma  can 
often  be  made  out  with  a  higher  magnification.  The  right  of 
the  drawing  is  occupied  by  adipose  tissue,  a  few  cells  of  w  hich 
are  to  be  seen  between  the  muscle  and  the  renal  tissue.     All 

*  I  take  this  opportunity  to  correct  the  misstatement  made  on  p.  22G  of  the 
first  of  these  studies. 
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these  structures  are  embedded  in  (h  llular  coiuieetivc  tissue. 
Other  parts  of  the  specimen  exhibit  spHtting  of  muscular  l>imdles, 
whose  individual  fibres  become  isolated  and  are  often  enclosed 
within  the  fat.  In  a  few  cases  they  surround  an  epithelial 
tubule  after  the  manner  of  a  muscularis  nmcosae. 

It  is  not  difficult  to  interpret  these  appearances.  One  of  the 
most  constant  features  of  teratomata  is  an  extraordinary 
mingling  and  confusion  of  tissues  and  multiplication  of  organs. 
The  only  explanation  of  this  that  has  been  put  forward  to  my 
knowledge  is  that  the  anlage  of  the  teratoma,  which  clearly 
corresponds  in  its  potentialities  with  a  fertilised  ovum,  was  dis- 
integrated at  an  early  stage,  almost  as  if  by  the  action  of  some 
explosive  force.  It  had  possibly  begun  to  develop  in  an  orderly 
manner,  but  sooner  or  later  its  tissues  and  organs  were  not 
only  thrown  into  confusion,  but  were  actually  disintegrated. 
They  managed  to  survive,  however,  and  to  undergo  a  surprising 
amount  of  self-differentiation.  They  surmounted  all  obstacles 
and  differentiated  into  their  predestined  shapes  ^^  in  spite  of 
the  altered  conditi(His  to  which  they  were  subjected.  This 
hypothesis,  although  inherently  possible,  appears  to  me  to 
be  unsatisfactory.  It  pre-supposes  a  disruptive  catastrophe, 
of  which  there  is  no  evidence.  It  appears  to  me  extremely 
doubtful  if  the  anlage  could  recover  even  partially  from  it. 
Again,  a  degree  of  self-regulation  of  the  cells  is  postulated 
which  is,  to  me,  quite  uninteUigible.  The  apparent  jumbling  of 
the  anlage  can,  I  believe,  be  explained  in  a  much  more  satisfac- 
tory manner  if  we  allow  that  differentiation  is  largely  dependent 
on  external  influences.  At  one  spot  of  the  teratoma  the  environ- 
ment will  have  been  such  as  to  produce  a  differentiation  of  the 
cells  of  its  primitive  epiblast  (to  take  an  example)  into  epidermis, 
whereas  at  another  it  will  have  compelled  them  to  differentiate 
into  central  nervous  tissue.  This  is  not  a  pure  speculation, 
since  the  histological  evidence  is  not  at  all  opposed  to  this  view. 
It  must  wait,  however,  until  we  can  examine  the  teratomata  at 
leisure.  On  a  priori  grounds  it  appears  to  me  to  be  quite  sound, 
since  it  enables  us  to  explain  some  of  the  problems  of  the 
complex  teratomata  on  the  same  lines  as  the  slight  and  simple 
tissue  malformations. 

To  return  to  our  specimen.  If  the  direction  taken  by  the 
differentiation  of  the  cells  of  the  tumour  depends  on  tluir 
environment,  there  is  no  need  to  assume  a  passive  displace- 
ment or  an  active  migration  of  its  muscle  fibres.  They  simply 
underwent  abnormal  l)lending  with  the  other  tissues,  and 
attained  a  degree  of  differentiation  which,  considering  the  age 
of  the  infant  that  carried  the  tumour,  is  wonderfully  perfect. 

The  instances  of  heterotopic  nmscle  in  the  literature  that  I 

B  B 
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lia\e  rclriTi'il  to.  i)t)inl  Id  the  saiiu-  conclusion.  To  take 
Sc-lKU'llcr's  -*  case.  'I'lic  myotonics  and  ncphroloini's  arc  parts 
of  the  priniiti\"c  iiicsoclcrinal  sciiincnts.  If  one  or  more  cells 
of  the  former  became  abnormally  adherent  to  the  latter,  there 
is  no  reason  why  they  should  not  ha\'e  pursued  their  natural 
development  in  their  midst.  Xo  displacement,  active  or 
passi\e.  on  the  part  of  the  myoblasts  is  necessary.  They  are 
separated  from  the  myotome  by  the  condensation  of  the 
devclopinjT  tissues.  If  we  assimie  the  anomaly  to  have  taken 
place  at  an  even  earlier  date,  before  the  cells  of  the  primitive 
segment  had  undergone  differentiation  into  sclerotome  and 
myotome,  the  ]:)resence  of  cartilage  in  addition  to  nnisclc  receives 


Fig.  31. 

Parotid  tuljules  in  Iyinpli-<rland.     Magiiif.,  80. 

a  possible  explanation.  It  is  impossible  to  account  for  the 
cause  of  the  abnormal  blending.  It  may  be  susceptible  of  an 
explanation  similar  to  the  one  I  offered  for  the  accessory  supra- 
renal in  Fig.  11  (II.).* 

In  Zipkin's  ^-^  case  skeletal  nnisclc  from  the  oesophagus  may 
have  reached  the  bronchi  at  the  bifurcation  of  the  trachea.  A 
connecting  strand  of  fibrous  tissue  is  often  present  here,  and 
tracheo-CESophageal  fistula;  occur  at  this  spot. 

The  striated  nmscle  of  the  (esophagus  is  a  derivative  of  the 
branchial  nuisclcs.  Although  these  appear  to  arise  as  condensa- 
tions of  the  mesenchyme  of  the  arches  in  man,  there  is  good 
evidence  that  they  are  homologous  with  the  branchial  myotomes 
of  lower  vertebrates.  According  to  Kdgevvorth,^  muscle  plates 
arc  developed  in  the  l)ranchial  arches  in  connection  with  the 
epithelium  of  the  pericardium  in  Amphibia. 

6,  Epithelial  inclusions  in  lymph- glands. — Fig.  31  represents 

*  On  the  other  hand,  it  may  bo  nothing  nioic  than  an  aljnoinial  flilTcrentiation. 
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the  appearance  seen  in  tlu-  liilnni  ol"  a  small  lynipli-nlaiid  under 
the  capsule  of  the  parotid  in  a  woman  of  twenty-five.  The 
hihmi  is  filjrotie  and  contains  a  number  ol"  tuhules,  many  oI" 
which  are  dihitcd.  They  are  hned  by  cubical  ej)itheliunu  whose 
cells  tend  to  form  two  rows.  Most  of  them  are  surrounded  by  a 
thick  hyaline  connective  tissue  tunica  j)ropria.  A  few  tubules 
arc  found  within  the  oreneral  j)arenehyma  of  the  (rjand.  It  Avas 
encapsulated  and  connected  with  the  parotid  only  by  areolar 
tissue.  I  have  seen  identical  tubules  in  a  tuberculous  prac- 
parotid  lymph-gland  in  a  child  of  eighteen  months. 

These  tubules  have  the  same  structure  as  the  smaller  ducts 
of  the  parotid,  especially  when  they  are  surrounded  by  hyaline 
envelopes  in  chronic  inflammations  of  the  gland.  They  have 
become  separated  from  the  parotid  and  enclosed  by  the  Ivmphoid 
tissue. 

Lymphatic  glands  are  developed  in  the  following  manner  : 
A  plexus  of  lymphatic  v(>ssels  is  formed  at  their  I'uture  site. 
This  is  followed  by  a  dilTuse  iniiltration  of  lymphocytes  around 
the  small  arteries  and  capillaries  that  occupy  the  meshes  of  the 
plexus.  They  increase  in  number  and  are  condensed  to  form  the 
lymph-nodes.  The  plexus  gives  rise  to  the  sinuses  of  the  gland. 
Neisse  ^**  has  shown  that  in  a  fcctus  of  120  nun.  there  are 
numerous  lymph-nodes  within  the  j)ar()tid,  and  at  a  later  stage 
in  the  submaxillary  as  well.  Their  outlines  are  dilTusc,  and  they 
contain  salivary  tubules.  When  condensation  and  capsule 
formation  take  place  and  these  nodes  develop  into  the  prai- 
parotid  lymph-glands,  it  usually  happens  that  the  tubules  are 
separated  from  the  rest  of  the  parotid.  In  all  the  newly  born 
infants  this  writer  examined  he  was  able  to  demonstrate  the 
presence  of  from  eight  to  ten  nodes  and  lymph-glands,  all  of 
which  contained  scattered  acini,  or  whole  lobules  with  duets, 
of  salivary  tissue. 

These  included  parotid  tubules  result,  therefore,  from  ;ui 
abnormal  blending  of  tissues.  There  has  been  no  aefi\c  dis- 
placcmcnt.  Their  inclusion  within  lymph-glands  is  (hie  to  (lie 
growth  of  the  latter  and  the  formation  of  a  capsule. 

Tubules,  lined  by  colunmar  ciliated  e})ithelium,  antl  oi'lcn 
surrounded  by  envelopes  of  cellular  stroma,  have  been  recorded 
within  the  aortic  and  iliac  lymj)h-glands  by  several  observers 
{('.  4'.  \Vuelling  -''').  They  are  generally  believed  to  be  tubules 
of  the  WoUlian  body. 

7.  Ilftirotopic  (•(irfihifir. — Nodules  of  cartilage  have  l)een 
described  not  infrecpiently  in  malformed  and  cystic  kidneys. 
The  case  of  Schaeffer -*  described  above  is  typical  of  them. 
One  of  these  nodules,  surrounded  by  a  j)eriehondrium  and  con- 
sisting of  very  cellular  young  hyaline  cartilage,  is  reproduced 
in  Fig.  10  (I.).     It  was  found  in  the  cystic  horse-shoe  kidney  of 


354      STUDIES    ON   TUMOUR   FORMATION 

a  synulian  monster,  Tlu'sc  struct iires  arc^  usually  regarded  as 
inclusions  of  cells  ol'  the  sclerott)nie  resulting  from  an  anomaly 
of  development.  They  have  been  named  "  choristomata  "  * 
by  AlbreclitJ  who  (lelines  them  as  "structures  that  can  with 
certainty  be  assumed  to  be  displaced  parts  of  organs,  and  that 
give  the  impression  of  a  tumour,  on  account  of  their  abnormal 
position  and  their  definition  and  isolation  from  the  surrounding 
tissues."  They  are  most  frecpicntly  met  Avith  in  malformed 
kidneys,  but  have  been  recorded  from  other  parts  of  the  body 
as  well ;   r.  g.  in  the  ])arotid  of  an  infant  by  Lubarsch.^* 


Fic;.  32. 


,  Retroperitoneal  teratoma.     Nodule  of  cartilage  between  two 

glomeruli.     Magnif.,  1!)0. 

I  nuist  again  make  use  of  the  retroperitoneal  teratoma 
already  described.  Here  again  it  is  the  kidney  anlage  that  we 
turn  to.  Fig.  32  represents  two  views  of  a  rounded  nodule  of 
cellular  hyaline  cartilage,  which  lies  between  a  pair  of  glomeruli, 
into  the  J^owman's  capsule  of  the  upper  one  of  which  it  projects. 
It  is  surrounded  by  an  irregular  cambium,  which  forms  a  peri- 
chondrivmi  to  it,  and  is  thickest  where  the  nodule  projects  into 
the  capsule.  The  upper  glomerulus  is  atrophied  and  flattened 
throughout  the  series  of  sections,  whereas  the  lower  one  has 
reached  a  degree  of  development  as  great  as  that  attained  by 
any  of  them  in  the  specimen  (vide  Fig.  .*30). 

The  glomeruli  of  the  kidney  arc  developed  in  pairs.  The 
ureteric  diverticulum  of  the  Wolffian  duct  is  capped  by  a  mass 
of  mesoblast.     The  former  undergoes  a  series  of  dichotomous 

*  From  x'-'Y"'C'«''  separate  (chorizoma  would  therefore  have  been  better). 
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divisions  to  I'orm  the  collecting  tubules,  and  the  caps  of  mesoblast 
follow  suit.  These  become  hollowed  out  into  S-shaped  mcta- 
ncphric  tubules,  whose  lower  limb  (the  one  nearest  to  the  hilum) 
expands  over  the  other.  Its  concavity  becomes  vaseularised 
and  forms  the  glomerulus.  The  proximal  limb  of  the  S  joins 
the  collecting  tubule  and  is  twisted  into  secondar}'  loops.  The 
metanephric  tubules  thus  oj)en  into  the  collecting  tubules  in 
pairs. 

The  pair  of  glomeruli  figured,  together  with  the  few  tubules 
that  surround  them,  occupy  a  very  isolated  j)osition  in  the 
anlage,  being  separated  from  the  nearest  mass  of  nephric 
epithelium  by  a  thick  layer  of  areolar  and  adipose  tissue  and 
nmselc.  I  have  expressed  my  uncertainty  as  to  whether  we 
are  dealing  with  nieso-  or  metanephros.  There  can  be  no  doubt, 
however,  that  this  particular  pair  of  glomeruli  has  been  develojx'd 
after  the  manner  of  the  kidney. 

The  nodule  of  cartilage  is  placed  in  the  concaxity  of  the 
upper  loop  of  the  S  of  the  left  (or  upper,  in  the  figure)  of  a  i)air 
of  tubules.  It  has  obliterated  the  proximal  ends  of  both  tubules. 
The  glomeruli  are  displaced  inwards  and  approximated  to  each 
other  on  account,  no  doubt,  of  the  pressure  exerted  on  Bowman's 
capsules  by  the  nodule. 

The  presence  of  the  cartilage  at  this  spot  can  be  explained 
in  one  of  two  ways.  Cells  of  the  sclerotome  of  the  teratoma 
have  undergone  abnormal  blending  with  the  kidney  anlage,  and 
been  surrounded  by  it  during  its  growth.  Or,  the  cartilage  has 
arisen  in  situ  as  a  result  of  an  abnormal  differentiation  undergone 
by  some  of  the  cells  of  the  anlage. 

Three  facts  appear  to  mc  to  favour  the  latter  view  : — (1)  The 
otherwise  complete  absence  of  cartilage  in  this  part  of  the  cyst. 
(2)  The  intimate  relationship  of  the  nodule  with  one  of  the  j)air 
of  glomeruli.  (3)  The  fact  that  the  centre  of  another  glomerulus 
is  occupied  by  a  translucent  matrix,  in  which  there  are  a  few 
widely  separated  cells.  The  stage  of  de\el()j)ment  of  the 
cartilage,  if  such  it  be,  is  not  sulficiently  far  advanced  in  tin's 
case  to  warrant  the  statement  that  the  matrix  is  definitely 
cartilaginous.  A  slightly  more  advanced,  but  still  ambiguous 
structure  was  seen,  surrounded  by  a  ring  of  ei)itlieli;il  cells, 
clearly  tubular  in  character. 

The  presence  of  a  periehondrimn  in  Fig.  10  (I.)  and  Fig.  '.V2 
proves  no  more  than  that  active  proliferation  xvas  taking  j)lace. 
It  is  strictly  comparable  with  the  cellular  periosteum  associated 
with  heterotoj)i('  bone  in  calcified  necrotic  foci,  which  ^'■'  results 
from  llie  stinnilntion  of  oi'diiini'v  lil)r(il)l;ist s  by  :in  excess  of 
calcium  salts.  The  perieliondrium  in  tliesi-  eases  does  not,  to  my 
nund,  prove  that  the  cartilage  is  a  deri\ative  of  tlie  sclerotome. 

Nodules  of  hyaline  or  of  elastic  cartilage  occur  in  the  capsules 
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of  the  tonsils.  They  have  given  rise  to  much  argument.  By 
some  they  are  regarded  as  derivatives  of  the  second  branchial 
cartilage  or  its  jierichondrium,  by  others  as  the  result  of  chronic 
inllamniation.  The  nodules  are  often  bilateral,  they  undergo 
ossification  and  are  replaced  by  bone. 

Ruckert  -^  always  found  a  perichondrium.  Often  there  were 
no  signs  of  inflammation.  In  i'orty-eight  tonsils  of  foetuses  and 
infants  he  examined,  he  found  cartilage  seventeen  times,  four 
times  in  both  tonsils.  lie  concludes  that  its  presence  is  due  to 
a  developmental  anomaly.  I  have  seen  nuUtiple  nodules  of 
both  kinds  of  cartilage  in  the  tonsils  of  three  cases,  as  well  as 
spicules  of  dense  bone  in  a  man  of  sixty-one.  They  were 
found  in  adults  of  from  twenty  to  twenty-nine,  and  were 
associated  with  chronic  inflammation  and  hyperplasia  of  the 
organ,  and  with  fibrosis  of  its  capsule.  The  latter  contains 
bands  of  very  dense  fibrous  tissue.  The  cells  at  their  centres 
are  gradually  converted  into  cartilage  cells.  A  perichondrium 
is  invariably  absent.  In  one  case  a  fibrous  band  contains 
minute  lobules  of  adipose  tissue,  around  one  of  which  conversion 
of  fibroblasts  into  young  cartilage  cells  is  taking  place.  This 
appears  to  me  to  be  clear  evidence  of  its  origin  in  situ  as  the 
result  of  fibrosis.  The  fact  that  the  nodules  are  scattered  in  all 
parts  of  the  capsules  supports  this  view. 

It  will  be  well  to  produce  all  the  evidence  of  the  formation 
of  cartilage  in  situ  from  the  connective  tissue,  although  it 
should  more  properly  be  discussed  in  the  next  study.  This 
tissue  has  been  found  in  a  variety  of  pvirely  inflammatory 
conditions,  in  which  it  is  generally  associated  wdth  bone.  I 
have  recently  described  such  a  case,^^  and  have  collected  a 
munber  of  references  to  this  condition.  It  has  most  frequently 
been  recorded  in  sclerotic  arteries. 

Marburg  ^^  has  described  an  arteritis  cartilaginosa  of  the 
cerebral  vessels,  which  appears  to  result  from  mucoid  degenera- 
tion of  their  stroma.  I  -"  have  seen  cartilage  in  a  sarcoma  of 
the  body  of  the  uterus.  The  cells  were  separated  by  mucin, 
acquired  capsules,  and  took  on  the  characters  of  cartilage  cells 
{vide  Fig.  7  of  my  paper).  I  believe  that  the  formation  of 
cartilage,  which  after  all  is  tlie  living  tissue  in  the  body  whose 
cells  are  surrounded  by  a  mucoid  stroma,  is  occasionally  the 
end  result  of  a  nuicoid  degeneration.  We  shall  see  that  certain 
tumours  of  the  salivary  glands  support  this  view. 

I  believe  that  there  is  a  good  deal  of  evidence  that  heterotopic 
cartilage,  in  infants  as  well  as  in  adults,  does  not  invariably 
result  from  iiu-hisioii  of  cells  of  the  sclerotome.  On  the  contrary, 
many  instances  of  its  occurrence  can  readily  be  accounted  for 
as  anomalies  of  differentiation  of  the  cells  of  the  affected  tissue. 
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Nearly  all  tlic  anomalies  that  have  been  described  in  this 
study  are  characterised  by  a  more  or  less  pronounced  degree  of 
displacement  of  a  tissue.  Meyer  ^^  has  clearly  and  convincingly 
demonstrated  that  it  is  impossible  for  the  cells  of  a  developing 
organ  to  transport  a  foreign  cell,  not  to  mention  a  group  of 
cells,  to  a  distance.  He  uses  the  Wolffian  duct  as  his  example, 
and  shows  that  it  increases  in  length  Ijy  means  of  continuous 
division  of  its  apical  cell.  Each  daughter  cell,  as  it  is  formed, 
is  obliged  to  feel  its  way  between  those  of  the  mesenchyme  and 
under  the  epiblast.  It  glides  into  and  occupies  the  available 
space  between  these  cells.  It  is  a  very  delicate  structure,  and 
does  not  possess  the  force  to  thrust  them  aside.  Far  less  is  it 
able  to  propel  them  forward,  should  it  have  become  adherent 
to  one  of  them.  Should  this  have  happened,  the  abnormally 
blended  cells  will  remain  in  situ,  and  growth  of  the  duct  caudad 
will  be  deflected.  Disphiccment,  when  it  happens,  is  and  nuist 
be  purely  passive.  It  is  brought  about  by  proliferation  of 
neighbouring  cells  of  the  tissue  itself,  or  of  the  mesenchyme  in 
capsule  formation,  or  by  the  intercalation  of  anotlicr  tissue  or 
organ  between  the  displaced  cell  and  the  tissue  from  which  it 
has  sprung.  This  result  is  also  brought  about  by  the  shifting 
of  an  organ  on  account  of  unequal  growth  of  other  tissues. 
The  classic  example  of  this  is  the  descent  of  the  gonad  and  the 
displacement  of  pieces  of  the  suprarenal  cortex  in  its  path. 
The  only  anomaly  that  has  occurred,  and  that  is  responsible 
for  the  displacement,  is  the  abnormal  relation  that  lias  been 
established  with  the  neighbouring  cells. 

This  observation  of  Meyer  helps  us  to  form  a  correct  idea  of 
how  Brunner's  glands  in  the  stomach  or  in  the  distal  end  of  the 
vitelline  duct  when  it  remains  patent,  and  numerous  other 
anomalies  of  a  similar  nature,  have  been  brought  about.  They 
are  not  displacements  in  any  sense  of  the  word,  but  anomalies 
of  differentiation.  I  need  not  discuss  them  here,  as  I  have 
recently  -^  gone  into  the  manner  of  their  production. 

This  finishes  what  I  have  to  say  on  the  subject  of  congenital 
tissue  malformations.  Their  cells  always  undergo  a  high  degree 
of  differentiation,  which  but  rarely  falls  short  of  that  attained 
by  those  of  the  corresponding  normal  organs.  The  clearest 
evidence  of  this  is  afforded  by  their  ability  to  react  in  a  physio- 
logical manner  to  the  demands  made  on  them  when  the  functions 
of  the  latter  are  impaired.  The  amount  of  proliferation  they 
display  is  always  proportional  tn  their  high  degree  ol'  (iirfcr- 
entiation,  and  is  therefore  not  appreciably  in  excess  of  the 
normal.  These  facts  appear  flatly  to  contradict  the  postulates 
of  Cohnheim's  theory.     It  therefore  becomes  necessary  to  inquire 
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into  the  frequency  of  timiours  whose  structin'c  compels  us  to 
assiunc  that  they  must  have  orioinated  in  conoenital  tissue 
malformations  or  "  cell-rests,"  and  for  which  no  other  explana- 
tion is  possible.  Before  doing  this,  however,  I  propose  to 
discuss  certain  other  tissue  malformations,  many  of  them  almost 
identical  in  appearance  with  the  congenital  ones,  that  have 
originated  after  development  was  completed. 

Conclusions 

The  heterotopic  tissues  examined  in  this  study  are  all,  in  so 
far  as  we  can  form  an  opinion  of  their  causation,  the  results  of 
abnormal  blending  of  cells,  i'ollowed  by  a  varying  amount  of 
displacement  in  some  cases. 

Displacements  are  ne\'er  brought  about  by  active  movement 
of  cells.  They  are  produced  passively  by  growth  and  nuilti- 
plication  of  cells,  capsule  formation,  and  shifting  due  to  unequal 
growth. 

Dislocations,  on  the  basis  of  developmental  anomalies,  can 
occur  in  post-embryonic  life. 

Displaced  cells  can  functionate.  In  this  respect  they  do 
not  dilier  from  normal  tissues. 
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ESTIMATION   OF   CHLOROFORM    IX   THE 
BLOOD   AFTER   DEATH 

By  C.  S.  GIBSON,  M.D..  Piofcssorof  Chemistry,  Guy's  Ho.si)ital  Medical  School, 

and  P.  P.  LAIDLAW,  M.A.,  Sir  William  Dunn  Lecturer  in  Pathology, 

Guy's  Hospital  Medical  School. 

From  time  to  time  fatalities  occur  iiiKkr  eliloroform  anaes- 
thesia, and  in  spite  of  full  investigation  of  the  circumstances 
attending  the  administration  of  the  anaesthetic  and  a  post- 
mortem examination  of  the  body,  the  precise  cause  of  death  is 
frequently  a  matter  of  probability  only  and  not  estal:)lishcd 
fact.  This  undesirable  state  of  affairs  is  due,  in  part,  to  the 
lack  of  exact  information  with  regard  to  certain  important 
particulars.  One  question  of  great  imjjortancc  in  nearly  every 
case  is  the  amount  of  chloroform  in  the  body  at  the  time  when 
death  ensues.  It  has  been  the  custom  to  assess  this  from  the 
amount  of  anaesthetic  used  during  the  whole  administration, 
allowing  for  time,  method  of  anaesthesia,  and  so  on.  But 
clearly  the  amount  of  chloroform  taken  into  the  body  need 
not  bear  any  exact  relationship  to  the  amount  distributed  on  a 
mask ;  and  we  felt  that  it  would  be  a  considerable  advance  if 
some  reliable  method  could  be  devised  by  which  the  amoimt 
of  chloroform  in  the  dying  body  could  be  determined  by 
estimation  of  chloroform  after  death. 

What  we  really  desire  to  know  is,  tiie  ])rceisc  amount  of 
chloroform  at  the  time  of  death  in  the  more  important  centres 
of  the  body,  such  as  the  brain  and  heart.  There  are  many 
and  probably  insurmountal)le  difhculties  in  the  way  of  obtaining 
this  particular  information;  but  what  we  know  with  regard  to 
the  distribution  of  chloroform  in  the  body  during  an;vsthcsia 
indicates  that  the  amesthetie  is  absorbed  through  tlie  hmgs 
into  the  blood,  and  distributed  to  the  tissues  according  to  its 
relative  solubility  in  the  various  tissues.  A  determination  of 
the  amount  of  chloroform  in  the  blood  at  the  time  of  death 
would  therefore  be  an  indirect  estimate  of  the  ain(nint  in  the 
vital  centres. 

Chloroform  is  a  relatively  stable  substance  and  il  is  not.  so 
far  as  we  are  aware,  decomposed  by  the  tissues  of  the  body  to 
any  great  extent,  though  there  is  evidence  that  some  destruction 
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occurs  in  the  liver. ^  It  Avould  therefore  seem  probable  that  it 
is  not  decomposed  in  the  body  after  death  and  that  it  should 
be  possible  to  recover  it  quantitatively,  even  after  the  lapse  of 
two  or  three  days.  If  this  proved  to  be  the  case,  the  amount 
of  chloroform  in  the  heart  blood  post-mortem  should  be  a 
measure  of  the  amount  in  the  vital  centres  at  death,  and  shoiUd 
settle  the  vexed  question  of  over-dosage  in  many  cases.  In 
the  literature  there  are  not  many  estimations  of  this  kind,-  and 
these  did  not  support  the  argimient,  but  as  they  were  carried 
out  by  older  methods  we  imdertook  some  experiments  to  test 
the  point.  Our  results  are  of  considerable  interest,  but  they 
do  not  prove  all  that  could  be  wished. 

Methods 

Rabbits  Avere  used  as  experimental  animals.  They  were 
amesthetised  throughout  Avitli  chloroform.  Tracheotomy  was 
performed  after  intluction  of  full  aujcsthesia  in  order  to  obviate 
any  asphyxial  factor,  and  to  render  the  continuation  of  deep 
auicsthesia  simple.  Deep  chloroform  ana'sthesia  (loss  of  corneal 
reflex)  was  maintained  as  a  rule  for  thirty  minutes,  and  death 
then  brought  about  by  gradual  over-dosage.  The  animals 
were  thus  partially  saturated  with  chloroform,  and  recovery  of 
the  chloroform  should  liave  been  facilitated.  Immediately 
after  death  about  10  c.c.  of  blood  were  removed  from  the  right 
side  of  the  heart  through  a  cannula  pushed  down  the  right 
external  jugular  vein.  This  sample  was  used  to  determine 
the  concentration  of  chloroform  in  the  blood  at  the  time  of 
death. 

After  removing  the  cannula  the  jugular  vein  was  tied  off, 
the  tracheotomy  tube  cut  away,  and  the  carcase  kept  in  a 
cool  place  for  two  or  three  days.  As  the  experiments  were  done 
in  the  winter  there  was  little  decomposition,  and  this  may  have 
influenced  our  results,  but  the  conditiims  were  comparable  to 
those  existing  wlien  a  body  is  kept  in  a  refrigerator.  After  the 
storage  period  post-mortem  l)lo()(l  was  collected  in  the  following 
manner.  The  thorax  was  laid  ojx-n  widely,  tlie  inferior  vena 
cava,  the  superior  vena  cava,  the  pulmonary  artery,  and  the 
aorta  were  tied.  The  thoracic  viscera  Avere  then  excised  as  a 
Avhole,  and  held  by  the  lungs,  heart  dependent,  over  a  glass 
basin  Avhieh  had  })reviously  been  Aveighed.  All  chambers  of 
the  heart  were  then  laid  open  in  turn,  and  the  whole  of  the 
scniiii  ;iii(l  c-lot  eollccicd  in  the  basin,  Aviiieh  was  weighed  again. 
As  a  rule  8  to  10  grms.  were  obtained.  This  procedure  was 
adopted  in  order  to  get  both  fluid  and  cells  in  as  fair  proportion 
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as  possible,  since  it  is  known  that  chloroform  is  always  present 
in  greater  amount  in  the  cells  than  in  the  fluids.^ 

The  estimations  of  the  chloroform  were  all  done  by  Xicloux'  ' 
method  with  one  slight  modification.  The  venous  blood,  col- 
lected in  a  pipette  lined  with  oxalate,  was  allowed  to  run  into 
a  clean  Jena  flask,  previously  weighed,  containing  5  c.c.  of 
5  per  cent,  solution  of  tartaric  acid  in  ethyl  alcohol,  and  about 
20  c.c.  of  alcohol  previously  distilled  over  lime.  The  contents 
of  the  flask  Avere  gently  agitated  as  the  blood  was  added,  in 
order  to  obtain  a  fine  granular  precipitate  and  lake  all  the  red 
corpuscles.  The  flask  was  weighed  again.  About  80  c.c.  of 
pure  ethyl  alcohol  were  then  added,  and  ai)proximately  70  grms. 
of  alcohol  containing  the  chloroform  distilled  off  into  another 
Jena  flask,  which  contained  a  little  alcohol  and  sodium  ethylate. 
This  is  the  only  modification  of  the  Xicloux  method,  and  it  is 
much  more  convenient  than  securing  chlorine-free  caustic 
alkali.  The  ethylate  was  made  fresh  for  each  estimation  by 
adding  0-3  grm.  sodium  to  the  alcohol  in  the  flask  used  as  a 
receiver,  dissolving,  and  cooling. 

The  distillate  and  the  ethylate  were  then  bt)iled  under  a 
reflux  condenser  on  the  Avater  bath  for  at  least  one  and  a  quarter 
hours.  The  alcohol  was  distilled  off,  the  residue  dissolved  in 
dilute  nitric  acid  (1-5  c.c.  nitric  acid  in  10  c.c.  water)  and  exactly 
5  c.c.  of  N/10  silver  nitrate  added.  The  silver  chloride  Avas 
coagulated  by  boiling,  filtered  off,  the  precipitate  and  flask 
Avashed  six  times  Avith  hot  distilled  Avater,  and  the  excess  of 
silver  estimated  in  the  filtrate  by  titration  Avith  X/100  ammonium 
sulphocyanate,  using  iron  alum  as  an  indicator. 

In  the  case  of  the  post-mortem  clot,  it  Avas  found  necessary 
to  break  it  up  as  finely  as  possible  in  order  to  get  satisfactory 
results.  This  AA-as  readily  effected  by  grinding  it  finely  Avith 
the  tartaric  acid  first,  and  later  the  resultant  paste  Avith 
successive  quantities  of  alcohol.  IManipulation  of  blood  or 
blood  clot  Avith  exposure  to  air  Avas  necessary,  but  it  has  been 
shoAA'n  that  chloroform  is  only  sloAvly  lost  by  blood  even  in  a 
vacuum.^ 

The  estimations  of  chlorolorm  Avc-iit  (juite  smoothly  by  this 
method  once  it  AA'as  realised  hoAv  important  it  Avas  to  get  all  t lu- 
red cells  destroyed  by  the  tartaric  acid,  and  avc  are  convinced 
that  the  method  is  Avonderfully  accurate,  even  on  less  than 
10  c.c.  of  blood,  and  further  that,  under  the  conditions  of  our 
experiments,  the  figures  for  the  volatile  chlorides  obtained 
represent  chloroform  and  eliloiororiii  alone. 
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Results 

The  accompanying  tal)lc  shows  tlie  results  of  seven  experi- 
ments carried  out  along  these  lines  and  one  control.  It  will  be 
observed  that  in  all  cases  the  percentage  of  volatile  chloride 
recovered  from  the  heart  blood  post-mortem  is  greater  than 
that  in  the  blood  at  the  time  of  death. 


VoLuVTiLE  Chlorides  in  the  Blood,  Calculated  as  Chloroform  and 
Expressed  in  Milligrammes  per  Hundred  Grammes  * 


Exp. 

At  death. 

After  death. 

Interval. 

1 

34-56 

37-85 

2  days. 

2 

t22-5 

34-29 

2     „ 

3 

56-76 

80-91 

3      „ 

4 

5S»-36 

64-12 

2 

5 

61-52 

66-22 

•) 

6 

47-63 

54-31 

') 

7 

58-6 

62-97 

9 

8 

0-0 

0-0 

2     „     Ether  control. 

With  the  exception  of  the  second  experiment,  in  all  the 
instances  in  which  the  body  was  kept  for  two  days  there  is 
approximately  a  proportional  increase  in  the  amount  of  chloro- 
form found  post-mortem,  and  since  this  increase  was  unexpected 
and  constant  it  required  explanation.  We  do  not  believe  that 
it  is  experimental  error;  and  the  control,  where  a  rabbit  was 
killed   with   ether   after   a   period    of  ether   ansesthesia,    shows 

(a)  that    all    apparatus    and   reagents    were    chlorine-free,    and 

(b)  that  no  detectable  volatile  chloride  is  formed  on  keeping 
the  body  for  two  days  after  death. 

In  Experiment  3,  where  the  body  had  been  kept  for  three 
days,  it  was  observed  that  tlie  contents  of  tlie  heart  were  very 
firm  and  consisted  almost  entirely  of  clot  with  very  little  serum. 
This  suggested,  what  is  demonstrated  by  other  data  below, 
that  fluid  leaves  the  vascular  system  slowly  after  death.  Since 
most  observers  state  that  the  greater  proportion  of  the  chloro- 
form is  carried  by  the  red  cells,  it  is  clear  that  if  fluid  leaves 
the  heart  and  vessels,  the  chloroform  content  of  the  clot  will 
inevitably  rise.  The  striking  increase  in  the  chloroform  content 
of  the  heart  blood  after  death  recorded  above  would  appear  to  be 
capal)le  of  being  explained  along  tiiese  lines.     We  hoped  to  verify 

*  In  the  early  experiments  the  body  was  liun^f  liead  downwards  duriiiji; 
storage  and  in  the  later  experiments  the  body  was  left  horizontal.  The  position 
of  the  body  during  storage  did  not  appear  to  make  any  material  difference  in 
the  results. 

t  Unexpected  cessation  of  respiration  and  early  death  ;  artificial  respiration 
for  one  minute. 
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this,  to  correct  the  fiourc  for  the  post-niorteiu  blood  by  estimating 
the  h{cin()olol)iii  in  the  blood  at  death  and  at  the  post-mortem, 
and  so  correct  for  the  increased  concentration  of  the  cells. 

We  succeeded  in  estimating  the  increased  concentration  of 
cells  in  four  experiments  indirectly,  through  the  pigment 
content  of  the  samples  of  blood,  or  clot  and  serum,  which  were 
employed  for  chloroform  estimation.  The  following  procedure 
was  adopted.  Excess  of  10  per  cent,  aqueous  sodium  hydroxide 
was  added  to  the  contents  of  each  flask,  from  which  the  chloro- 
form and  alcohol  had  been  distilled,  the  flask  having  been 
warmed  on  the  watcr-l)ath  for  some  hours.  The  whole  of  the 
blood  pigment  was  thereby  converted  into  soluble  alkaline 
hsematin  and  the  proteins  destroyed.  The  brown  solution 
was  diluted  largely  with  water  and  a  small  excess  of  acetic 
acid  added  to  precipitate  the  hacmatin.  In  each  case  the 
hicmatin  was  collected,  washed  with  hot  water,  dissolved  in 
acidified  alcohol,  and  the  resultant  l)rown  solutions  were 
compared  by  means  of  a  Dubose  colorimeter. 

The  following  results  were  obtained — 


Relative  Hemoglobin  Content  of  Blood 


Exp. 

At  death. 

After  death. 

4 

100 

125 

5 

100 

150 

6 

100 

180 

7 

100 

126 

These  indicate  clearly  that  there  is  striking  concentration  of 
the  cells  in  the  vascular  system  and  loss  of  fluid  on  keejiing  a 
body  for  two  days.  The  explanation  of  this  passage  of  ihiid 
out  of  the  vessels  is  not  very  important  for  our  innnediate 
purpose,  but  is  probably  due  to  the  formation  of  acids  in  the 
asphyxiated  tissues  at  death,  the  formation  of  simple  sub- 
stances by  autolysis,  and  the  loss  of  integrity  of  the  cndotlulial 
lining  of  the  vascular  system,  as  the  cells  composing  this  limiting 
membrane  d'w  and  degenerate.  But  whatever  the  true  ex})lana- 
tion  may  J)e,  it  is  clear  that  the  chloroform  content  of  the 
blood  after  death  should  always  prove  to  be  higher  than  that 
of  the  blood  at  death,  and  further,  the  difference  theoretically 
expected  is  amply  sufTicicnt  to  account  for  the  difference  lound 
experimentally,  if  it  is  assumed  that  70  per  cent,  of  the  chloro- 
form in  blood  is  normally  carried  by  the  red  cells.  This 
assumption  appeared  to  be  justified  by  the  available  data.- 
but  we  tested  the  point  in  Experiments  5,  O,  and  7. 
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In  Experiments  5  and  6  a  second  10  c.c.  sample  of  blood 
was  taken  into  oxalated  ])ipettes,  distribnted  in  centrifuge 
tubes,  and  the  chloroform  content  of  the  red  cell  layer  estimated 
in  addition  to  estimations  on  whole  blood.  The  difference  in 
the  chloroform  content  of  the  red  cell  layer  of  100  grms.  blood 
and  100  grms.  Avhole  blood  gave  the  amount  in  the  plasma 
layer  separated  by  the  centrifuge.  Ha?matocrit  determinations 
gave  the  true  relative  volume  of  cells  and  plasma,  and  from 
these  the  relative  weights  could  be  determined,  and  the  true 
distribution  between  cells  and  fluids  calculated.  The  increase 
expected  in  the  post-mortem  clot  could  then  be  estimated,  by 
adding  the  amount  calculated  as  due  to  increased  red  cells, 
and  subtracting  an  amount  calculated  for  plasma  loss.  The 
following  are  the  results — 


Exp. 

Mgm.  chloro- 
form per  100 
grms.   blood  at 
death. 

Distribution  of 

chloroform  between 

cells  and  plasma. 

Percentage 

chloroform 

in 

red  cells. 

Relative  number 

of  red  cells 

at  death  and 

after  death. 

Mgm.  chloro- 
form expected 
in  100  grms. 
PM  blood. 

Mgm.  chlorc- 
foi-m  found 

in  100  grms. 
PM  blood. 

5 
6 

61 -02 
47-63 

41.24:20-28 
37-08  :  10-55 

67 

77 

100  :  150 
100  :  180 

77-1 

73-82 

66-22 
54-31 

Comparison  of  the  last  two  columns  of  figures  shows  that  the 
increase  in  chloroform  content  expected,  owing  to  the  concen- 
tration of  cells  which  occurs  post-mortem,  is  greater  than  the 
amount  actually  found  experimentally.  In  other  words,  we 
must  conclude  that  in  addition  to  loss  of  fluid  from  the  vascular 
system  after  death,  there  is  also  a  loss  of  chloroform ;  and  that 
this  Is  greater  than  can  be  accounted  for  by  that  amount 
dissolved  in  the  fluid  whicli  transudes  from  the  vessels. 

The  results  obtained  in  these  experiments  by  calculation 
were  confirmed  in  another  way  in  Experiment  7.  In  this 
instance  samples  of  blood  at  death  and  after  death  were  separ- 
ated into  cells  and  fluids  by  centrifugalisation,  and  the  four 
fractions  thus  obtained  worked  up  separately. 

Mgm.  Chloroform 


At  death. 


In  100  grms.  of 
plasma. 


In  100  grms.  of  cell 
layer. 


22-2 


93-2 


In  100  grms.  of  whole  blood. 

58-6 


After  death. 


In  100  grms.  of 
.serum. 


10-4 


In  100  grms.  of 
clot. 


86-1 


In  100  grms.  of  whole  blood. 

62-97 


« 
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It  Avill  be  observed  that  there  is  a  greater  eoneentration  of 
chloroform  in  the  phisma  and  in  the  cells  at  death  than  in  the 
serum  and  the  clot  respectively  after  death.  The  whole  blood 
figures  are  similar  to  those  of  previous  experiments.  Hccmato- 
crit  determinations  of  true  cell  volume  were  not  done  in  this 
case,  but  if  the  cell  volume  was  about  30  per  cent.,  then  a 
chloroform  concentration  of  about  75  mgrms.  per  100  grms. 
blood  was  to  be  expected  post-mortem  instead  of  the  02-97 
found.  Even  taking  the  imperfectly  separated  cell  layer  and 
assuming  the  deposit  to  be  solid  cells,  a  figure  of  C8-5  should 
have  been  obtained  in  the  post-mortem  specimen.  In  this 
last  experiment  the  loss  of  chloroform  is  further  shown  by  the 
occurrence  of  appreciable  haemolysis  which  should  have  caused 
an  increase. 

We  regard  the  loss  of  chloroform  as  due  to  a  redistribution 
of  this  substance  in  the  body  and  not  to  destruction.  Destruc- 
tion appears  to  us  unlikely  to  occur  in  view  of  the  known 
stability  of  chloroform,  while,  on  the  other  hand,  the  facts 
that  decomposition  of  the  cells  takes  place  and  that  fluid  moves 
about  in  the  carcase  make  it  likely  that  the  solu])ility  of  chloro- 
form will  vary  with  the  decomposition  and  will  diffuse  about 
the  body  in  a  similar  manner  to  the  fluids.  Whether  we  are 
right  on  this  point  or  not,  there  can  be  no  doubt  that  the 
concentration  of  chloroform  in  the  heart  blood  found  post- 
mortem is  not  a  measure  of  the  amount  which  existed  in  the 
circulating  blood  at  the  time  of  death. 

Further,  we  regard  the  condition  of  partial  satiu*ation  of 
our  animals  with  chloroform  as  minimising  the  redistribution 
factor;  and  as  about  half  the  fatalities  under  chloroform  take 
place  before  deep  antesthesia  has  been  estal:)lished,  and  therefore 
in  unsaturated  bodies,  there  is  the  less  hope  of  post-mortem 
assays  proving  of  i)ractical  impoi'tance  in  investigating  deaths 
under  chloroform  anaesthesia. 

It  appears  to  us  that  if  exact  information  is  to  be  oT)tained 
with  regard  to  the  chloroform  concentration  in  any  given  case, 
the  estimation  must  be  carried  out  on  blood  collected  at  the 
time  of  the  fatality.  This  could  easily  be  done  if  in  every 
case  in  which  dangerous  symptoms  appeared,  it  was  made  a 
routine  to  collect  venous  blood  from  an  arm  vein.  Cases  which 
recovered  after  dangerous  symptoms  woidd  yield  a  series  of 
figures  indicating  the  maxinunn  recoverable  dose,  and  cases  of 
non-recovery  would  yield  figures  indicating  the  lethal  dose. 
The  interpretation  of  the  figures  would  not  be  perfectly  straight- 
forward, because  the  relative  number  of  red  cells  would  influence 
the    results,    increasing    the    total    amount    when     these    were 
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numerous  and  diminishing-  it  ^hcn  fcA\'.  Probably  the  ideal 
j)roeedure  Avould  be  to  determine  thi'  partial  pressiu'e  of  the 
chloroform  in  the  blood,  and  it  is  suggested  that  it  is  desirable 
to  carry  out  c  xperiments  Avith  this  object  in  view. 


Conclusions 

The  amount  of  chloroform  found  post-mortem  in  the  heart 
blood  of  animals  which  have  been  killed  by  over-dosage  after  a 
period  of  full  aniesthesia  is  no  exact  measure  of  the  amovmt 
existing  in  the  blood  at  the  time  of  death. 

The  amount  of  chloroform  is  modified  by  loss  of  fluid 
from  the  vascular  system  and  retention  of  cellular  elements, 
decomposition  of  cells  (haemolysis,  etc.),  and  redistribution 
of  chloroform  in  the  bodv. 
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TESTS   FOR   PHYSICAL   EFFICIENCY* 
PART  II 

By  W.  D.  HAJIBLY,  B.Sc. ;  G.  H.  HUNT,  M.D. ;  the  late  L.  E.  L.  PARKER, 
Major,  R.A.M.C;  M.  S.  PEMBREY,  M.D.,  and  E.  0.  WARNER,  B.Sc. 
(From  the  Physiological  Laboratorj^  and  the  Department  for  Remedial 
Exercises,  Guy's  Hospital.) 

In  a  previous  paper  f  evidence  was  given  that  the  reaction 
of  the  pulse  to  exercise  was  a  good  indication  of  the  j^hysical 
fitness  of  the  subject.  The  ratio  between  the  pulse-rate  for 
the  two  minutes  immediately  following  the  given  exercise  and 
the  pulse-rate  at  rest,  "  the  pulse  ratio,"  was  taken  as  a  more 
convenient  and  better  indication  of  the  reaction  than  a  deter- 
mination of  the  time  taken  for  the  pulse  to  return  after  exercise 
to  its  original  frequency.  The  exercises  consisted  in  walking 
or  running  up  and  down  stairs,  and  were  gradiuitcd  from  1  I-02 
to  3730  and  54.76  kilogrammetres  for  a  man  weighing  03  kilos, 
each  exercise  lasting  five  minutes.  This  form  of  exercise  was 
selected  because  it  is  one  to  which  all  subjects  are  accustomed. 
It  was  recognised  that  the  results  of  the  test  mifjht  varv  with 
the  external  conditions  and  the  nature  and  amoimt  of  the 
muscular  work  performed;  for  this  reason  a  further  series  of 
experiments  has  been  made. 

In  the  first  place  it  was  necessary  to  consider  ()l)ser\  at  lOiis 
upon  the  range  in  the  rate  of  the  pulse  of  the  same  iiuh\  i(hial 
at  rest.  The  following  tables  gi\e  the  results  for  men  and 
women  (Tables  I.  and  II.). 

The  largest  individual  range  of  pulse-rate  at  rest  for  18 
men  is  30,  while  the  corresponding  figure  for  18  women  is  57. 

We  have  collected  also  a  number  of  single  observations 
upon  the  pulse  of  male  medical  students,  and  of  women  students 

*  Expenses  in  cijnncction  witli  tliis  research  were  defrayed  in  pait  l)y  a  ^'lant 
from  the  Medical  Pvesearch  ('ouikI!. 
t  This  Journal,  Ixxi.  41.-),   I!t21. 

:iG7 
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TABLE   I. 
Average  and  Range  of  Pulse-Rates  for  Resting  Subjects  (Men). 


Subject. 


R.A.M.C. 


C. 

M. 

J. 

A. 

Gi. 

N. 


1st  Batt.   I  Ca. 
Yorks.    'i  T. 

Ib. 

Royal     j^" 

Irish     ^  g- 

Fusiliers  I  |^" 


Investi- 
gators 


I'M.  S.  P. 
T.  F.  B. 


E.  C.  W. 
W.  D.  H. 


Number 

of 
Aa,ys  of 

Aver- 

obsorv;i- 

tion. 

7 

89-6 

S 

74-0 

7 

81-3 

7 

84-3 

7 

77-1 

7 

75-4 

12 

78-3 

12 

86-4 

12 

82-7 

12 

81-5 

10 

75-6 

10 

97-0 

10 

75-2 

10 

59-4 

33 

81-3 

10 

720 

8 

68-9 

4 

57-6 

Range. 


77-98  21 
63-87  -■• 
58-92  3J 
62-98  3« 
58-85  2' 
65-84  19 

70-90  20 
78-100  22 
72-92  20 
72-90  18 

66-84  18 
88-104  16 
68-90  22 


68-96  28 
66-82  16 


57-77  20 
53-68  1* 


Time. 


July  1906 
I  9-10  a.m. 


Aug., 

VSept.  1906 

9-10  a.m. 


Aug., 
•Sept.  1906 
9-10  a.m. 


3  p.m.  Nov. 
'06,  March 

'07 
June  1922 
March  and 
June  1922 


Remarks. 


Observations  on  soldiers 
taken  by  L.  E.  L.  P. 
and  M.  S.  P.  as  part  of 
work  of  Committee  on 
Physiological  Effects 
of  Food,  Training,  and 
Clothing  of  the  Soldier. 


42  observations. 
8  observations. 


TABLE   II. 
Average  and  Range  of  Pulse-Rates  for  Resting  Subjects  (Women). 


Kumber 

of 
days  of 

Subject. 

Aver- 

Range. 

Time. 

Remarks. 

, 

observa- 

age. 

tion. 

u. 

5 

63-4 

56-78 

3  summer,  2 

winter 

^ 

G. 

4 

77-5 

72-84 

2  summer,  2 

winter 

M. 

8 

75-2 

65-82 

5  summer,  3 

winter 

W.-C. 

4 

59-2 

57-62 

Nov.-Feb. 

At  Chelsea  Physical  Training 

H. 

3 

76-6 

72-85 

November 

College. 

W. 

5 

69-6 

56-83 

Nov.-Feb. 

V.  S.  M. 

2 

72-5 

70-75 

Nov. -Dec. 

LH. 

3 

85-7 

81-91 

November 

J 

S. 

10 

67-0 

61-79 

6  summer,  4 

winter 

\ 

B. 

12 

75-4 

71-80 

6  summer,  6 

winter 

Untrained 

C. 

3 

66-0 

62-70 

Feb.-March 

D.  H. 

7 

78-1 

64-90 

May. 

E.  B  G. 

7 

77-8 

65-109 

jj 

—  — • 

R. 

7 

74-6 

66-84 

,, 

Unfit 

It 

T. 

5 

81-6 

6{>-100 

,, 

as 

M. 

4 

79-5 

71-87 

2  May,  2  Dec. 

rtW 

■ 

Includes  6  observations  a 

,  o"b 

day  for  6  days.     Total, 

hS 

C.  B. 

9 

76-6 

58-115 

May. 

. 

39  observations.    12  ob- 
servations  in   very   hot 
weather. 
Includes  35  observations 
in   6   days.      Total,     37 

CO 
OH 

K. 

8 

79-8 

55-90 

" 

- 

observations.     12  obser- 
vations    in     very    hot 

'^ 

weather.                           / 
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in  the  Department  of  Remedial  Exercises,  Guy's  Hospital,  and 
at  Chelsea  Physical  Training  College  (Table  III.). 

TABLE   III. 
Average  and  Range  of  Pulse-Rates  for  Groups  of  Mex  and  Women. 


Average. 

Bange. 

Number  of  subjects  and 
observations. 

Remarks. 

Men   ■ 

.   83-4 

79-4 
70-1 

52-104 

58-98 
52-106 

109     on     8     soldiers     and 
M.   S.   P.   (4  soldiers   1st 
Batt.  Yorks.,4  of  R.I.F.) 

43  on  6  R.A.M.C.  privates. 

254  on  79  medical  students. 

1    Observations  b}'  L.  E.  L.  P. 
j        and  M.  S.  P.,  1906. 

Recent      observations      at 
Guy's  Hospital. 

74-7 

52-106 

406  observations  on  94  men. 

General  Averages  for  Men. 

Wome 

n  795 

53-116 

103  on  103  women  students 
of  Massage  and  Remedial 
Exercises. 

Recent  observations  at  De- 
partment    of     Remedial 
Exercises,  Guy's  Hospital 
and      Chelsea      Physical 
Training  College. 

The  average  of  406  observations  on  9i  men  is  74-7  with  a 
range  from  52  to  106;  of  103  observations  on  103  women, 
79-5  with  a  range  from  53  to  116.  In  these  figures  arc  included 
no  cases  in  which  illness  was  present.  The  subjects  were 
engaged  in  their  ordinary  duties,  but  it  is  possible  that  minor 
ailments  were  sometimes  overlooked  both  by  the  subject  and 
the  observer. 

These  data  indicate  the  necessity  for  greater  recognition  of 
the  range  of  the  pulse-rate  in  healthy  subjects  at  rest,  for,  as 

TABLE    IV. 
Pulse-Rate  in  Relation  to  Body  Weight  and  Surface  Area. 


Pulse. 

Surface  area  •  (in  sq.  metres). 

Weight  of 

body  in 
kilos  (net). 

Number  of 
subjects. 

Average. 

Range. 

Average. 

Range. 

Number  of 
subjects. 

/  45-50 

4 

76-0 

63-90 

1-48 

1-46-1 -50 

2 

50-55 

7 

75-4 

58-101 

1-59 

lo.Vl-64 

4 

55-60 

17 

77-0 

65-98 

1-69 

1-58-1  82 

10 

c 

60-65 

18 

73-6 

54-100 

1-76 

1-72^1-82 

10 

s 

65-70 

15 

70-7 

52-93 

1-81 

1-77-1-86 

7 

70-75 

7 

69-9 

01-84 

1-88 

1-81-1-97 

7 

75-80 

10 

711 

57-86 

1-97 

1-92-2-02 

4 

I  80-85 

2 

68-5 

53-84 

213 

— 

1 

r  45-50 

4 

81-7 

68-116 

1-45 

1-40-1-.-.1 

4 

c 

50-55 

11 

79-8 

57-100 

1-58 

1 -5.3-1 -ti3 

s 

B   ■ 

0 

55-60 

12 

770 

59-10!t     •■ 

1  59 

l-.^>4-l-<13 

11 

60-65 

7 

72-8 

60-91 

1  -7-. 

1-69-1-81 

4 

i? 

65-70 
'^  70-75 

3 
1 

78-3 
63-4 

62-86 

1 

1-71 

1 

1-72-1-76 

3 

*  Calculated  on  Du  Bois'  formula:  S=  007184  W  U-425  X  H  0-725 
where  S  is  the  surface  in  scjuare  metix^s,  W  the  weight  in  kilogrammes,  and  H 
the  height  in  centimetres. 
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in  the  case  of  temperature  and  otlier  physiological  processes, 
there  is  no  definite  normal  for  the  pulse.  The  causes  of  varia- 
tions are  by  no  means  simple,  and  have  not  been  especially 
investigated  in  this  research ;  we  may,  however,  draw  attention 
to  the  following  factors — weight,  athletic  training,  age,  tem- 
perature of  the  body,  external  temperature,  and  time  of  day. 

These  figures  show  that  the  average  rate  of  the  pulse  is 
lower  in  the  heavier  individuals,  men  or  women,  as  the  case 
may  be.  Weight,  however,  is  not  the  factor  so  much  as  the 
relation  between  surface  and  mass.  The  exchange  of  material 
and  the  production  of  heat  arc  relatively  greater  in  the  small 
than  in  the  big,  warm-blooded  animals.  The  pulse  in  the 
subjects  at  rest  may  be  an  indicator  of  the  rate  of  the  exchange 
of  material,  but  a  discussion  of  this  question  must  be  postponed 
until  the  other  factors  have  been  considered. 


TABLE  V. 

AvERAGK  Rate  and  Raxge  of  Pulse  Durikg  Rest  for  Groups  of  Students, 
Classified  according  to  Degree  of  Physical  Training. 


Trained. 

Tint  rained . 

Unfit. 

Aver- 
age. 

Kange. 

Number 
of  sub- 
jects. 

Aver- 
ago. 

Range. 

Number 
of  sub- 
jects. 

Aver- 
age. 

Range. 

Number 
of  sub- 
jects. 

Remarks. 

75-2 

75-9 

53-96 
53-91 

51 
21 

83-9 
85-3 

60-116 
60-110 

52 
12 

( 
[ 

f 

Women  Students. 
Chelsea  Physical 
Training   College. 

Guy's  Hospital, 
Department  of 
Remedial  Exer- 
cises.     Under  25 

721 
700 

65-82 

2 
1 

83-4 
78-1 

62-115 
67-98 

6 

7 

, 

j'ears  of  age. 
25-30  years  of  age. 
Over   30  years   of 

age. 

71o 

t.;;  '.»i 

4 

76-4 

66-88 

7 

82 

74-90 

2 

Men,      Medical 
Students,     16-20 

041 

61 

63-7 

54-78 
58-68 

10 
1 
3 

75 
701 

53-102 

60-84 

21 

7 

84 
67 

73-101 

5 
1 

years  of  age. 
20-25  years  of  age. 
25-30  years  of  age. 
Over   30   years   of 

age. 

The  rate  of  the  pulse  of  trained  individuals  at  rest  is  definitely 
Icjwer  than  that  of  the  untrained.  This  is  shown  by  both  the 
a\eragcs  and  the  ranges  already  (juoted  (Table  V.);  the  trained 
men  have  an  average  rate  of  61,  the  untrained  72,  and  the 
unfit  81 ;  and  in  the  case  of  women  the  average  is  75  for  the 
trained  and  8  t  for  the  untrained. 

In  the  same  table  it  is  shown  that  the  rate  of  the  pulse  of 


TESTS   FOR   PHYSICAL   EFFICIENCY      371 


Fig.  1. 

Effect  of  external  tempi  ratiir*'  and  nioistiur  npun  llir  pulse  ami  (Kip  ami 
surface  temi)oiature.s  of  tin-  body. 
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the  women,  both  trained  and  untrained,  is  related  to  age;  the 
averages  for  the  former  group  are  75-9  (under  25  years),  72-1 
(25  to  30  years)  and  70  (over  30  years) ;  for  tlie  latter  group 
85-3,  83-4  and  78-1  respectively.  In  the  case  of  the  men  the 
figures  are — for  the  trained  men,  71-5  (16  to  20  years),  641 
(20  to  25  years),  61  (25  to  30  years)  and  63-7  (over  30  years); 
for  the  untrained,  76-4,  75  and  70;  and  for  the  unfit,  82,  84 
and  67  respectively. 

The  influence  of  temperature  upon  the  rate  of  the  pulse  is 
shown  in  Fig.   1,  which  represents  the  results  of  observations 


2-30(iin  5  26pm  4pm  .  4  25p.in.  2-30pin  3-20pm         S-SOpm 

^_  outsidejniM^  _  inside  mi M      _inside  rmll_  _  ms^ejnlll  ,^utside  mill       inside  mill       inside  mill   , 

3  Aug  1910  5~Aug~l9ro 

Fig.  2. 
The  effect  of  external  temperature  and  moisture  upon  the  rate  of  the  pulse. 


made  by  E.  L.  Collis  and  M.  S.  P.  upon  women  operatives  at  a 
cotton  mill.  The  curves  for  the  rectal  temperature,  surface 
temperature  of  the  skin  of  the  face  and  temperature  of  the 
wet  and  dry  bulbs  closely  resemble  one  another.  Observations 
upon  men  operatives  gave  similar  results.* 

The  effect  of  the  external  temperature,  as  indicated  by  the 
readings  of  the  wet-  and  dry-bulb  thermometers,  is  shown  by 
Fig.  2,  representing  the  results  of  observations  by  E.  L.  Collis 
and  M.  S.  P.  upon  themselves.* 

In  each  case  a  rise  in  the  temperature  of  the  air  is  fol- 
lowed by  a  rise  of  the  pulse-rate  at  rest.     There  seems  to  be 

*  Collis  and  Pembrey,  Observations  upon  tlie  effects  of  warm  humid  atmo- 
spheres in  man.     Proc.  Physiol.  8oc.,  Journ.  Phydoh,  1911,  XLIII.,  xi. 
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little  doubt  that  the  beating  of  the  heart  is  quickened  when 
the  vessels  of  the  skin  are  dilated,  and  there  is  no  evidence 
that  this  increase  is  associated  with  a  greater  general  metabolism. 
This  becomes  an  important  factor  in  relation  to  clothing 
during  the  performance  of  muscular  work,  as  shown  in  Fig.  3. 
The  influence  of  time  of  day  appears  to  be  related  to  the 
activity  and  the  temperature,  both  internal  and  cutaneous, 
of  the  subject  and  the  temperature  of  the  air,  as  shown  by 


CHEEK 

TEMP. 
X X 


^.. 


,'lltf- 


K|100 


'I  90 


80 


Before  After 

Ei^erccse     txercise 
Ottt"  of  doors,  full  uniform 


Before  After 

Exercise        Exercise 
Indoors  without  coat. 


Before  After 

Exercise       Exercise 

Indoors  with  coat. 


'LOSS  OF 

BODY 

WEIGHT 
'>       IN 

DECA- 
GRAMMES 


Same  subject 
MS.  P. 


Fig.  3. 

The  average  effects  of  similar  amounts  of  exercise,  but  different  clothing, 
upon  the  pulse,  loss  of  moisture  and  deep  and  surface  temperatures. 

The  average  teraperatures  of  the  air  by  wet  and  dry  bulbs  respectively  did  not  vary  much  during  the 
series  of  3,  5  and  'J  experiments. 


the  wet  and  dry  bulbs  :    the  pulse  tends  to  increase  in  rate 
witJi  an  increase  in  any  of  these  factors  (Tabic  \I.). 

We  must  consider  now  the  pulse  as  an  indicator  of  ph}sical 
efficiency.  In  former  papers  results  were  given  to  show  that 
the  rate  of  the  pulse  after  muscular  work  to  which  the  subject 
is  accustomed,  is  a  good  test  of  elTiciency,  for  the  reaction  of 
the  pulse  to  muscular  exercise  involves  adequate  adaptations 
of  the  nervous,  respiratory,  circulatory  and  muscular  systems. 
There  has  been  a  tendency  to  take  work  upon  a  bicycle-ergo- 
meter  as  a  standard.  To  such  a  form  of  exercise  there  are 
serious   objections.     It   is   not   one  to  which  tlic   human  race 
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TABLE    VI. 

Variations  of  Pulse-Rate  from  Mormxg  to  Afternoox,  for  Individuals  and 
Groups,  shown  in  Relation  to  Wet-  and  Dry-Bulb  Temperatures. 


Pulse. 

Temperatures. 

Rectal 

tem- 
jierature. 

Number 
of  ob- 
serva- 
tions. 

Subject. 

Kange. 

Aver- 
age. 

Dry 
bulb. 

Wet 
bulb. 

Times  of  day. 

M.  S.  P. 

74-90 

81-0 

71-2 

60-3 

99-6 

5 

10-11  a.m. 

M.  S.  P. 

80-96 

85-9 

69-4 

58-6 

100-2 

18 

2-30-3-30  p.m. 

T.  r.  B. 

68-70 

69-0 

64-4 

52-5 

100-1 

4 

10-11  a.m. 

T.  F.  B. 

66-82 

75-0 

68-4 

57-6 

99-7 

6 

3.30  p.m. 

Averages  for  7  men 
employed  in  a  weav- 
ing shed.     Observa- 
tions by  E.  L.  Collis 
and  M.  S.  P. 

71-103 

92-4 

72-1 

67-6 

99-6 

7 

10-12  a.m. 

Sept.  14, 

1910 

Do. 

70-104 

89-3 

75-6 

69-9 

100-07 

7 

3-4  p.m. 
Sept.  14 

Do. 

64-95 

78-6 

60-0 

.55-4 

99-7 

7 

10-12  a.m. 
Sept.  15 

Do. 

70-90 

78-7 

60-3 

55-1 

99-9 

7 

3-4  p.m. 
Sept.  15 

Averages        for        5 
women  employed  in 
a  weaving  shed. 

76-95 

85-4 

730 

68-5 

99-6 

5 

10-12  a.m. 
Sept.  14 

Do. 

86-106 

93-4 

77-0 

71-0 

100-3 

5 

3-4  p.m. 
Sept.  14 

Do. 

61-75 

69-8 

62-4 

56-5 

99-2 

5 

10-12  a.m. 
Sept.  15 

Do. 

66-96 

77-2 

61-7 

55-8 

99-5 

5 

3-4  p.m. 
Sept.  15 

has  been  adapted,  and  there  is  a  fixation  of  the  thorax  which 
affects  adversely  tlie  respiratory  and  circulatory  systems.  In 
a  tug-of-war  these  detrimental  effects  are  frequently  seen  in 
collapse  or  fainting  of  members  of  the  teams ;  the  cause  appears 
to  be  anoxEemia. 

There  is  no  doubt  that  walking  and  running  are  the  exercises 
most  readily  and  efficiently  performed  by  man.  In  the  previous 
paper  the  test  exercise  used  was  one  of  walking  up  and  down  a 
special  staircase  with  steps  of  a  particular  height.  As  this  is 
not  a  convenient  test  for  general  clinical  purposes,  we  have 
substituted  in  the  present  experiments  a  stool  thirteen  inches 
high  for  the  staircase,  and  reduced  the  duration  of  the  test 


TESTS   FOR   PHYSICAL   EFFICIENCY      375 

from  five  to  three  minutes.  The  subject  steps  on  and  off  the 
stool  either  6,  12,  18,  24,  30,  or  36  times  per  minute  according 
to  the  respective  exercise,  the  aim  being  to  find  two  exercises, 
one  of  which  produces  a  pulse  ratio  below  2-5,  and  another  a 
ratio  slightly  above  2-5. 

The  exercises  are  plotted  against  the  pulse  ratios  as  shown 
in  Fig.  4,  and  in  this  way  it  is  possible,  by  joining  the  two 
points  so  found,  to  calculate  the  exercise  necessary  to  produce 
a  pulse  ratio  of  2-5.  It  was  found  for  one  subject,  who  was 
in  extremely  good  training  for  football  and  boxing,  that  an 
exercise  of  80  times  a  minute  produced  a  pulse  ratio  of  2-24, 
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Tw 

3  tests 
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-  Effic 

,•/ 

/     '"^ 

20  "i  100 

''in"/                ot  most  etticient  man 

crosses  2  5  line  with  ex 
CASE  1.  ercise  of  34-6  steps  per 

0^-6 

t- 

<   2-5 

C£ 

U  2-4 

in 

_l 

D   2-3 
0- 

2-2 
2   1 
70 

CASE  2. 

f 

34- 

6     - 

34 

}  , 

7 

v 

J  minute. This  performance 
/    of  the  best  trained  man 
'     gives  ttie  100% standard 

/. 

/I 

A 

/! 

/ 

f  • 

J 

1  Ordif 

late  2( 

} 

/ 

/ 

Ordinate  17- 

3 

Ordina 

te34 

6 

/ 

1 

! 

1 

10  15  20  25  30  35  40  45 

RATES    OF  STEPPING    PER   MINUTE 
Fig.  4. 
Diagram  to  illustrate  tlie  calculation  of  Efficiency  from  the  Pulse  Ratio. 

and  that  an  exercise  of  36  times  per  minute  resulted  in  a  23u]se 
ratio  of  2-58.  In  the  manner  indicated  it  was  possible  to 
calculate  that  an  exercise  of  34-6  times  per  minute  would 
produce  a  pulse  ratio  of  2-5.  This  man's  efficiency  was  taken 
as  100,  which  served  as  a  standard  of  comparison  for  the  other 
subjects.  Thus  if  a  second  man  required  an  exercise  of  17-3 
(34-6  -i-  2)  to  produce  a  pulse  ratio  of  2-5,  his  efficiency  was  50. 
If  an  exercise  of  20  produced  a  pulse  ratio  of  2-5,  the  efficiency 

20  X  100 

-,  or  57-8. 


was 


34-6 


In  practice  it  is  convenient  in  dealing  with  people  appar- 
ently fit  to  start  with  an  exercise  of  18  times  a  minute,  and 
to  give  a  faster  exercise  if  the  ratio  so  produced  falls  below 
2-5,  and  an  easier  exercise  if  it  falls  above  2-5.     In  pathological 
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cases,  such  as  ^vell-compensated  mitral  stenosis  without  en- 
largement of  the  heart,  the  first  exercise  chosen  should  be 
12  times  per  minute. 

People  who  are  accustomed  to  this  test  use  their  muscles 
to  the  best  mechanical  advantage,  and  practice,  therefore, 
causes  an  improvement  in  their  pulse  ratio;  for  this  reason 
it  is  advisable  to  let  the  subject  step  on  and  off  the  stool  a 
few  times  before  commencing  the  actual  test.  Stair  climbing 
is  natural  to  everyone,  and  therefore  this  form  of.  test  has  a 
certain  advantage  over  the  stool  test.  But  the  stool  test  is 
on  the  whole  more  useful  for  clinical  purposes,  and  it  is  easy 
for  any  physician  to  get  a  stool  made  of  the  required  height, 
which  he  can  use  in  his  consulting-room. 

Another  convenient  form  of  the  "  pulse  ratio  "  test  is  one 
in  which  stepping  on  and  off  the  stool  is  replaced  by  exercise 
up  and  down  a  flight  of  stairs.  The  heights,  to  which  the 
body  is  raised  by  exercises  of  either  6,  12,  18,  24,  or  30  times 
per  minute,  during  three  minutes'  stepping  on  the  thirteen- 
inch  stool,  are  respectively  234,  468,  702,  936,  and  1170  inches 
in  a  total  of  three  minutes.  The  pulse  ratio  gives  the  same 
result  if  the  work  done  in  stair  climbing  is  the  same  as  that 
accomplished  on  the  stool.  In  most  houses  the  height  of  the 
stair  is  seven  inches,  and  should  such  stairs  be  used  for  the 
test,  the  number  of  stairs  to  be  climbed  and  descended  in 
three  minutes  is  either  33,  67,  100,  134,  or  167.  The  only 
precaution  to  observe,  in  order  that  the  results  may  be  cr  ^- 
parable,  is  that  the  ascent  should  be  made  at  the  same  pace 
as  the  descent  on  a  short  flight  of  stairs,  so  that  this  exercise 
repeated  3,  6,  9,  12,  or  15  times  in  three  minutes  on  a  fl^'^^  <- 
of  eleven  stairs  would  involve  practically  the  same  work  as 
the  stepping  test  performed  at  6,  12,  18,  24,  or  30  times  per 
miimte  for  three  minutes.  The  concordance  of  results  of 
exercises  on  flights  of  stairs  and  on  the  stool  is  illustrated  by 
the  following  records  (Table  VII.). 

It  will  be  seen  from  this  table  that  the  pulse  ratio  is  the 
same  whether  the  exercise  be  on  the  stool  or  on  a  flight  of  stairs, 
provided  that  the  physical  work  done  is  the  same.  The  only 
exception  is  with  the  ascent  and  descent  of  fourteen-inch  stairs. 
The  probable  explanation  is  that  the  physiological  work  of 
descending  the  long  steps  face-forward  is  less  than  that  involved 
in  the  other  cases. 

It  is  important  to  investigate  whether  the  pulse  ratio  is  of 
the  same  value  for  the  extremes  of  resting  pulse-rates.  For  this 
purpose  the  pulse  ratio  test  was  jDerformed  in  the  different 
temperatures  of  a  Turkish  bath. 
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TABLE  VII. 


Rate 

of 
exer- 
cise. 


Laboratory. 


Pulse- 
rate 

before 
exer- 
cise. 


Pulse- 
rate 
after 
exer- 
CLse. 


41 
3(! 
34 

143 

Step  13"  high.  Exercise 
18  times  per  min.  for 
3  min.      13'  x  18  x  3 

=  702"  lift. 


Pulse 

ratio. 


1st  Flight  of  Stairs. 


Pulse- 
rate 

before 
exer- 
cise. 


Pulse- 
rate 
after 

exer- 
cise. 


44 

38  2-20 

36 

36 

154 

Step  5"  high.  Number 
of  steps  14.  10  as- 
cents in  3  min.  5"x 
14  X  10  =  700"  lift.. 


Pulse- 
ratlo 
after 
exer- 
cise. 


2nd  Flight  of  Stairs. 


Pulse- 

Pulse- 

rate 

rate 

before 

after 

exer- 

exer- 

cise. 

cise. 

4.5 

70 

37 

3.5 

36 

153 

Pulse 
ratio. 


5  steps  each  14"  high, 
1  step  7"  high  (flight 
77")  9  times  in  3  min. 
77"  X  9  =  693"  lift. 


174 

Step  13".  Exercise  24 
per  min.  for  3  min. 
13"  X  24  X  3  =  936" 
lift. 


Step  5"  high.  14  steps. 
13-5  ascents  in  3  min. 
5"  X  14  X  13i  =  945" 

lift. 


E.  C.  W. 

62 

07 

02 

10.30  a.m. 

30 

67 

49 

2-76 

73 

54 

2-77 

73 

49 

2-60 

30.6.22 

39 
35 

185 

41 
40 

202 

38 
40 

189 

Step    13".    Exei 

cise    30 

Step   5 

"  high,   14  steps, 

5   steps  each   14 

"  high 

times  per  mil 

1.   for  3 

17   a 

scents  m   3   min. 

and    1   step    7 

"   high 

min.         13"  x 

30  X  3 

5"  X 

14  X  17  =  1190" 

(flight  77")  15 

times 

=  1170"  lift. 

lift. 

in  3  min.     77 

"  X  15 

=  1155"  lift. 

W.  D.  H. 

40 

34 

36 

10.30  a.m. 

18 

59 

30 

2-20 

56 

31 

2-18 

54 

28 

2-17 

30.6.22 

30 
30 

130 

28 
29 

122 

28 

27 

119 

W.  D.  H. 

49 

39 

10.30  a.m. 

24 

59 

36 

2-48 

53 

33 

2-43 







28.6.22 

30 
31 

146 

29 
28 

129 

W.  D.  H. 

51 

57 

44 

10.30  a.m. 

30 

57 

45 

3-09 

54 

46 

313 

56 

36 

2-48 

30.6.22 

40 
40 

176 

35 
31 

169 

56 

31 
28 

139 

49 
34 
30 
29 

142 

2-54 
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TABLE    VIII. 


Temperatures 

Pulse- 
rate 
before 
e.Kercise 

Puhe-rate 
after  e.xercise. 

Pulse 
ratio. 

E.xer- 
cise 

steps 
per 

mln. 

Time. 

Name. 

Wet 
bulb. 

Dry 
bulb. 

Eemarks. 

W.  D.  H. 

53 

60 

59 

49 
3G 
30 
31 

146 

2-48 

24 

10.30  a.m. 

Weight  (net), 
8  St.  3i  lb.  In 
laboiatoiy. 

Do. 

88 

120 

77 

56 
47 
47 
45 

195 

2-54 

24 

11  a.m. 

Test  taken  after 
7  min.  seated  in 
hot  room. 

Do. 

95 

142 

92 

130 
123 

253 

2-75 

24 

11.45  a.m. 

After  10  min.  in 
this  hot  room. 
Final  weight, 
8  St.  li  lb. 
Loss  of  weight = 
211b. 

E.  C.  W. 

5.3 

60 

71 

5S 
41 
35 

40 

174 

2-45 

24 

10.30  a.m. 

Weight  (net), 
10  St.  U  lb.  In 
laboratory. 

Do. 

93 

120 

105 

255 

243 

24 

12  o'clock 
noon. 

Do. 

95 

142 

139 

?  pulse 

too  rapid 

for  counting 

Weight,  9  St. 
13|  lb.  Loss  of 
weight =2  lb. 

It  will  be  seen  that  rises  of  pulse-rate  of  18  (W.  D.  H.)  and 
34  (E,  C.  W.)  had  little  effect  on  the  ratio,  but  in  the  very  hot 
atmosphere  the  ratio  showed  a  higher  value  owing  to  the 
inefFiciency  produced  by  the  heat. 

The  pulse  ratio  also  gives  similar  values  for  the  same  person 
on  consecutive  days  (Table  IX,).  Observations  conducted  at 
intervals  on  the  same  day  on  a  subject,  who  had  done  no 
strenuous  muscular  exercises  during  the  day,  gave  results 
closely  agreeing  with  one  another,  although  as  the  day  pro- 
gressed the  pulse  ratio  became  slightly  higher,  as  shown  by  the 
table  (Table  IX.). 

In  preparing  Table  X.  no  special  precautions  were  taken  to 
avoid  the  complicating  effects  of  previous  strenuous  muscular 
exercise,  such  as  work  in  the  gymnasium. 

There  remain  to  be  considered  several  sources  of  fallacy. 
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TABLE   IX. 
Value  op  Pulse  Ratio  on  Different  Days,  and  at  Different  Times  on  the  Same  Day. 


Subject. 

Date. 

Time. 

Pulse- 
rate 
before 

test. 

Pulse- 
rate  after 

exercise 
ill  J  min. 

periods. 

Pulse 

ratio. 

Remarks. 

W.  D.  H. 

28.6.22 

10.30  a.m. 

59 

146 

2-48 

\ 

Do. 

29.6.22 

10.30  a.m. 

59 

49 
36 
30 
31 
—146 

2-48 

\  Rate  of  exercise  24  steps 
per  minute. 

Do. 

.30.6.22 

11  a.m. 

53 

39 
33 
29 
28 

2-43 

—129 

/ 

E.  0.  W. 

17.6.22 

7.45  a.m. 

71 

60 
45 
40 
38 
—183 

2-58 

■ 

Do. 

19.6.22 

10.30  a.m. 

73 

56 

40 

u] 

2-47 

—180 

Do. 

20.6.22 

10.10  a.m. 

66 

55 
42 
37 
35 

—169 

2-53 

Do. 

Do. 

27.6.22 

10.50  a.m. 

59 

48 
38 
31 
32 
—149 

2-53 

Do. 

28.6.22 

11  a.m. 

66 

90 
71 
—161 

2-44 

Do. 

29.6.22 

10.30  a.m. 

71 

58 
41 
35 
40 

2-45 

/ 

—174     ■ 

E.  C.  W. 

10.30  a.m. 

73 

56 
40 

—180 

2-47 

Exercise    24     steps    per 
minute    in     each    ex- 
periment. 

12.20  a.m. 

65 

51 
44 

2-51 

Do. 

19.6.22- 

34 
34 
—163 

3.45  p.m. 

66 

55 

2-56 

Do. 

\ 

43 
39 
35 
-172 

Do. 

10.10  a.m. 

66 

55 
42 
37 
35 
—169 

2-56 

Do. 

12.15  p.m. 

64 

50 

rA 

33 
-  155 

2-44 

Do. 

20.6.22 

3  p.m. 

66 

57 
45 
39 
37 
—  178 

2-69 

Do. 

11  p.m. 

87 

58 
47 
44 

2-21 

Do. 

i 

11.20  p.m. 

87 

43 

—192 

59 

48 

88  f 
—195 

2-24 

1  hour's  strenuous  tennis 
S  to  9  p.m. 
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TABLE   X. 

PULSE  Ratios  of  Women  Tested  Four  Times  in  One  Day. 


Subject. 

Time  of  day. 

Besting 
pulse. 

Pulse -rate 
for  successive 
half-minutes. 

Total. 

Ratio. 

Remarks. 

A. 

Unfit. 

9  a.m.-lO  a.m. 
12  o'c.-l  p.m. 
2  p.m.-3  p.m. 
4  p.m.-5  p.m. 

86 
66 
66 
66 

59-44-40-39 
58-45-40-40 
61-48-41-42 

213 
172 
183 
192 

2-48 
2-60 
2-77 
2-90 

B. 

As  for  A. 

81 
66 
64 
76 

41-39-38-34 
46-38-35-35 
46-38-37-37 

172 
152 
154 
158 

2-12 
2-30 
2-40 
2-08 

2-30 
2-68 
2-29 

Bate  of  exercise  18  steps 
per  minute. 

C. 

9  a.m.-lO  a.m. 
12  o'c.-l  p.m. 
2  p.m.-3  p.m. 

79 
66 

79 

67-44-41-39 
51-41-36-39 
58-45-38-40 

181 
167 
181 

C. 

9  a.m.-lO  a.m. 
12  o'c.-l  p.m. 
2  p.m.-3  p.m. 
4  p.m.-5  p.m. 

71 
58 
69 
69 

66-59-49-38 
70-47-33-34 
71-58-39-34 
73-54-45-34 

212 
184 
202 
206 

2-98 
3-17 
2-93 
2-98 

\ 

D. 

Do. 

67 
69 
72 
68 

67-56-52-48 
63-51-42-40 
66-51-46-46 
69-52-50-42 

223 
196 
209 
211 

3-33 

2-84 
2-90 
3-10 

1    Bate  of  exercise  24  steps 
per  minute. 

E. 

Do. 

83 
91 
76 

77 

67-57-42-42 

66-90-45 

61-42-41-38 

54-41-37-37 

208 
201 
182 
169 

2-50 
2-21 
2-39 
2-20 

F. 

Do. 

71 
77 
65 
65 

52-45-41-39 
57-44-39-39 
55-45-41-38 
50-44-41-37 

177 
179 
179 

172 

2-49 
2-20 
2-75 
2-64 

/ 

It  is  well  to  do  a  small  preliminary  exercise  on  the  steps  for 
two  reasons  :  the  ratio  improves  with  practice,  and  if,  as  the 
result  of  rest,  the  pulse  had  become  somewhat  sluggish,  the 
ratio'  would  be  abnormally  high.  On  the  other  hand,  the 
subject  should  not  have  performed  strenuous  muscular  work 
previous  to  the  test,  for,  as  the  result  of  such  work,  the  vascular 
system  in  a  healthy  person  is  in  a  better  condition  of  tonus, 
and  the  slight  exercise  required  for  the  pulse  ratio  test  would 
be  performed  more  economically  and  give  a  correspondingly 
low  value  (see  Table  IX.). 

In  order  to  test  more  thoroughly  the  influence  of  muscular 
work  upon  the  pulse,  observations  were  made  upon  medical 
students  before  and  directly  after  a  mile  run — that  is,  after 
thirty-two  laps  round  the  longest  room  in  the  Physiological 
Laboratory.  There  were  four  turns  at  right  angles  in  each 
lap,  and  these  made  the  work  more  difficult  and  increased  the 
time  for  the  run,  which  as  a  rule  was  performed  in  eight  minutes. 
The  pulse  was  recorded  graphically  by  an  armlet  connected 
with  a  recording  tambour  while  the  subject  was  sitting  at 
rest;  he  then  started  to  run  the  mile,  and  within  ten  seconds 
of  its   completion  the  pulse  record  was  restarted  and,   apart 
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from  definite  pauses  to  prevent  discomfort  from  venous  con- 
gestion of  the  arm,  was  continued  for  about  fifteen  minutes. 


-" "--«£ 


3±^ 


ER     IvN     or    ONE     M>I. 


9 — — io         n  S         (3         14         o 


Fig.  5. 

The  rates  of  the  pulse  of  six  men  before  and  after  a  run  of  1  mile. 

For  further  details  see  Table  XI. 


12  13  14  IS 


Fig.  6. 
The  rates  of  the  pulse  of  five  men  before  and  after  a  run  of  1  mile. 

For  further  details  see  Table  XI. 

The  results  of  experiments  upon  eleven  men  are  shown  in  the 
above    curves    (Figs.    5    and  6)   and    Table  XI.     The  subjects 
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TABLE   XII. 

Results  op  Pulse  Ratio  Tests. 
Subjects  X-K,  who  also  performed  running  test  (see  Table  XI). 


c 

1st  Test. 

2nd  Test. 

3rd  Test. 

Efficiency  e.Ypressed  as  a 

percentage  (see  test). 

Remarks. 

•a 

3 
M 

1 
a> 

Pulse 
be- 
fore 
(1 
min.) 

Pulse 
after 

(2 
min.) 

Pulse 
ratio. 

Steps 
per 
niin. 

Pulse 
be- 
fore 
(1 

min.) 

Pulse 
after 

(2 
min.) 

Pulse 
ratio. 

Steps 
per 
min. 

Pulse 
be- 
fore 
(1 
min.) 

Pulse 
after 

(2 
min.) 

Pulse 
ratio. 

Steps 
per 
min. 

a 

a 

A 

88 

104 
81 

185 

2-10 

24 

93 

136 
118 

254 

2-73 

30 

- 

- 

- 

80%.      Arrliythmia    after 
stepping ;     no     regular 
sport       now ;      boxing 
Xmas  1921.   Tonsillitis 
four    times    in    period 
Oct./21  April/22. 

80% 

B 

65 

46 
37 
36 
37 

156 

2-4 

24 

- 

- 

- 

- 

- 

■ 

- 

- 

69%.      Amateur  weight- 
lifter,  in   training,  prac- 
tises weight-lifting  three 
evenings  a  week.   Biceps 
13J  inches.  Malaria  1920. 

69% 

C 

54 

44 
35 
29 
30 

138 

2-56 

24 

- 

- 

- 

- 

- 

- 

- 

In   training.      Day   after 
test    ran    100    and    220 
yds.  races  hospital  sports. 
Rugby  twice  a  week  in 
winter.   At  present  plays 
match  tennis. 

69"i 

D 

59 

38 
32 
30 
29 

129 

2-24 

24 

60 

47 
36 
34 
30 

147 

2-45 

30 

58 

59 
45 
42 
33 

179 

3-09 

35 

No  sport   now — fibrositis 
— otherwise   fit.      Plays 
in     1st     XV. — arrhyth- 
mia   after    exercise    but 
not  at  rest. 

79% 

E 

74 

99 
100 

199 

51 
38 
36 
35 

160 

2-55 

18 

78 

107 
94 

201 

2-58 

18 

- 

- 

- 

- 

Did     not     complete     the 
mile  run — much  adipose 
tissue.       Played    Rugby 
football.        One      game 
cricket  this  season. 

52% 

F 

65 

2-46 

24 

67 

53 
40 
37 
34 

164 

2-45 

24 
36 

- 

- 

- 

Rugby    football    once    a 
week   in   winter.      High 
jump,     tug-of-war,    and 
putting  weight  at  sports. 

70% 

G 

72 

55 
44 
40 
37 

176 

2-4 

30 

73 

69 
56 
48 
44 

217 

2-97 

- 

- 

- 

- 

Regular    Rugby    football 
player.         International 
rumier ;      now     playing 
teimis  and  cricket. 

88% 

H 

78 

51 
45 
43 
43 

182 

2-3 

18 

86 

56 
51 
46 
45 

198 

2-3 

24 

77 

63 
53 
51 
51 

218 

2-83 

30 

Did  not  finish  mile  run. 
Plays  teimis  every  even- 
ing.      Slight  torticollis; 
heart  and  lungs  healthy. 
Poor   physical    develop- 
ment. 

76% 

I 

57 

60 
49 
40 
37 

186 

3-26 

30 

68 

52 
42 
41 
39» 

174 

2-56 

24 

71 

54 
42 
37 
36 

166 

2-38 

24 

Long       distance     runner 
over  10  mile  course. 

•Coughed  several  times. 

71% 

J 

81 

190 

2-47 

18 

81 

184 

2-27 

18 

80 

213 

2-66 

24 

Some      tennis      now — no 
other  sport — no  illness. 

55% 

K 

90 

220 

2-44 

18 

91 

231 

2-54 

18 

80 

72 
57 
48 
46 

223 

2-79 

24 

No  sports ;  general  break- 
down  in   health   a  year 
ago. 

52% 
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were  selected  from  the  very  fittest  athletes,  ineliiding  an  inter- 
national runner,  trained  men  belonging  to  the  Rugby  football 
team,  men  of  average  physique  and  training,  and  unfit 
men. 

These  results  show  definitely  that  the  pulse  ratio  calculated 
from  the  data  yielded  by  the  run  (Table  XI.)  does  not  agree  with 
that  given  by  the  stepping  test  (Table  XII.).  The  striking  point 
is  that  the  fittest  men  are  those  who  showed  as  a  result  of  the 
run  the  greatest  percentage  rise  in  pulse-rate.  This  confirms 
the  value  of  the  low  resting  pulse-rate  of  the  athlete,  for  he  has 
a  greater  range  before  the  speed  limit  of  the  heart  is  reached. 
The  extent  to  which  the  pulse-rate  is  above  its  resting  value 
at  the  end  of  the  fourteenth  minute  is  no  criterion  as  to  fitness, 
but  the  extent  of  fall  of  the  pulse  from  its  highest  value  is 
a  clear  indication  of  fitness.     This  is  shown  by  Table  XIII. 


TABLE    XIII. 


Percentage 

Per  cent. 

Subject. 

Training. 

Net 

weight  in 

kilos. 

increase  of 

imlse-rate 

above 

resting 

value. 

above 

resting 
level  at 
fifteenth 
minute. 

Per 

cent, 
fall. 

Eemarks. 

G.    \ 

Best 
athletes 

70 

153 

21 

132 

International  runner. 

B. 

G2 

149 

32 

117 

1st  XV.  R.F. 

I.     J 

65 

142 

22 

120 

Cross-country  runner. 

F.    ) 

Very  fit 

GO 

154 

45 

109 

2nd  XV.  R.F. 

C.     ( 

men 

65 

122 

28 

94 

(Joed  general  athlete. 

A.  A 
B. 

58 

126 

36 

90 

Boxer. 

Average 

58 

101 

26 

75 

Weight  lifter;    high   blood 

J.    J 

men 

pressure. 

52 

115 

31 

84 

Tennis. 

E.    1 

Unfit 

73 

110 

28 

82 

Only  did  |  mile,  stitch. 

H. 

46 

76 

12 

64 

Could  do  only  26  laps. 

K.   J 

men 

55 

84 

6 

76 

General  health  poor. 

The  pulse  ratio  is  valuable  as  a  general  test,  but,  as  shown 
in  the  case  of  medical  student  H,  it  is  not  in  every  case  a  guide 
in  an  estimation  of  fitness  for  running  the  mile.  The  real 
test,  as  in  everything,  is  the  actual  performance  of  the  work 
required.  In  order  to  make  the  pulse  ratio  more  reliable  in 
such  cases,  it  is  advisable  to  count  the  pulse  in  half-minute 
periods,  and  thus  obtain  indications  of  the  rate  of  recovery 
after  the  exercise.  This  precaution  has  been  taken  in  all  the 
later  observations  and  the  results  indicate  the  value  of  the 
recovery  of  the  pulse  as  a  test  for  physical  fitness  (Table 
XIV.). 
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TABLE    XIV. 

Average  Excess  above  Resting  Value  of  Pulse-Rate  in  Fourth  Half-Minute 

AFTER  Stepping  Test. 

(24  steps  Yier  minute  for  3  minutes.) 


Best  athlett^s. 

Very  fit  men. 

Average  men. 

Unfit  men. 

Average. 

Kange. 

Average. 

Range. 

Average. 

Range. 

Average. 

Range. 

0-5 

1-5 

to 
-  10 

0-95 

4-5 

to 

-  1-5 

2-1 

5-0 

to 

-  1-5 

8-1 

13 
to 
3 

Results 

The  average  rate  of  the  pulse  at  rest  in  406  observations  on 
94  men  is  74'7  with  a  range  from  52  to  106;  of  103  observations 
on  103  women  79*5  with  a  range  from  53  to  116. 

The  largest  individual  range  of  the  pulse  rate  at  rest  among 
18  men  is  36;    among  18  women  57. 

In  healthy  subjects  the  rate  of  the  pulse  at  rest  varies 
according  to  weight  and  surface  area  of  the  body,  age,  physical 
training,  deep  and  surface  temperatures  of  the  body,  and  tem- 
perature and  moisture  of  the  air. 

The  pulse-ratio,  that  is  the  ratio  between  the  pulse  rate  for 
the  two  minutes  immediately  following  the  given  mild  muscular 
exercise  and  the  pulse  rate  at  rest,  is  a  good  indicator  of  the 
physical  fitness  of  the  subject. 

The  pulse  ratio  taken  after  running  a  mile  is  no  indicator 
of  fitness.  The  fittest  men  are  those  who  showed  the  greatest 
percentage  rise  in  the  pulse  rate,  and  the  greatest  percentage 
fall  towards  the  resting  value. 

We  wish  to  express  our  thanks  to  Sister  Angove,  Misses 
Higham,  Frances,  Prosser,  Smith  and  Clarke  of  the  Department 
of  Remedial  Exercises,  Guy's  Hospital ;  Miss  E.  L.  M.  Surie 
of  Chelsea  Physical  Training  College,  Miss  H.  W.  Bainbridge, 
and  the  numerous  students  who  have  given  their  help  in  the 
observations. 


CHRONIC   APPENDICITIS  AND  APPF.NDICULAR 

DYSPEPSIA 

By  ARTHUR  F.  HURST,  M.D.,  Physician  to  Guy's  Hospital. 

"  We  cannot  doubt  that,  as  advancino-  knowledge  brings  us 
better  means  of  investigation,  and  so  (Muiblcs  us  to  discover  and 
distinguisli  structural  changes,  of  which  we  now  can  only  observe 
the  functional  results,  the  aggregate  of  maladies  called  dyspepsia 
must  undergo  successive  subtraction,  tending  more  or  less  com- 
pletely to  its  total  subdivision  into  special  maladies."  (Brinton, 
1844.) 

The  first  suggestion  that  chronic  inflammation  of  the  appendix 
mav  cause  dyspeptic  symptoms  appears  to  have  been  made  as 
long  ago  as  1896  by  Rutherford  Morison.^  Three  years  later 
Ewald  -  drew  attention  in  Germany  to  the  same  subject  in  an 
article  on  "  appendicitis  larvata."  But  it  was  not  until  1910, 
when  ]\Ioynihan  ^  introduced  the  term  "  appendix  dyspepsia," 
that  the  frequency  of  the  condition  became  widely  recognised 
in  England  and  in  America,  where  a  paper  on  the  subject  was 
puljlished  about  the  same  time  by  Graham  and  Guthrie  ^  from 
the  Mayo  Clinic. 

The  importance  of  chronic  appendicitis  as  a  cause  of  gastric 
symptoms  is  now  firmly  established.  But  it  is  interesting  to 
recall  the  reception  which  Moynihan's  original  article  met  with 
on  its  appearance  in  the  British  Medical  Journal  in  January 
1910.  Sir  Anthony  Bowlby  ^  complained  of  the  vagueness  of 
the  clinical  picture  which  had  been  drawn,  and  predicted  that 
"  one  result  of  Mr.  Moynihan's  paper  will  be  that  many 
'  dyspeptic  '  people  will  undergo  operations  for  the  removal  of 
the  appendix,  and  the  great  majority  of  them  will  be  none  the 
better."  Contrast  this  with  the  question  asked  by  Sir  Clifford 
Allbutt  ^  the  following  week  in  reference  to  the  same  article  : 
"  May  we  not  ask  ourselves  if  there  is  not  something  in  it — per- 
haps a  great  deal — immature,  fragmentary  if  you  please,  yet 
with  a  core  of  important  truth  ?  "  The  twelve  years  which  have 
since  elapsed  have  shown  the  W'isdom  of  botli  writers.  P'ew 
will  now  deny  that  there  is  "  a  great  deal  in  it,"  that  Sir  Berkeley 
Moynihan's  paper  contained  such  a  valuable  "  core  of  important 
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truth  "  that  it  may  be  regarded  as  ahiiost  epoch-making.  But 
every  physician  and  surgeon  of  experience  nnist  agree  that  Sir 
Antlionv  BoAvlljy's  fears  were  to  some  extent  justified,  and  that 
numerous  dyspeptic  people — though  certainly  not  "  the  large 
majority  " — who  have  had  their  appendix  removed  for  supposed 
appendix  dyspepsia,  have  been  none  the  })etter  for  it.  My 
chief  object  in  writing  this  paper  is  to  draw  attention  once  again 
to  the  great  value  of  the  x-rays  and  of  Bastedo's  inflation  test 
in  the  diagnosis  of  chronic  appendicitis  for  appendix  dyspepsia. 
I  would  indeed  go  so  far  as  to  say  that  no  operation  should  be 
performed  for  this  condition  imtil  the  diagnosis  has  been  con- 
firmed by  these  means.  If  this  practice  became  the  rule,  it 
woidd,  I  believe,  be  very  rare  for  an  appendix  to  be  removed 
unnecessarily. 

Symptoms 

The  gastric  symptoms  which  may  result  from  chronic 
appendicitis  are  probably  caused  by  the  reflex  stimulation  of 
the  motor  and  secretory  nerves  of  the  stomach.  The  vomiting 
of  acute  appendicitis  is  obviously  reflex  in  origin,  and  I  shall 
presently  describe  how  an  ocular  demonstration  of  the  apj)endi- 
cular-gastric  motor  reflex  can  sometimes  be  obtained  with  the 
x-rays  in  chronic  cases.  The  gastric  hypersecretion,  Avhich  Bonar 
has  shown  occurs  in  88  per  cent,  of  cases  of  chronic  appendicitis 
with  gastric  symptoms,  is  doubtless  of  similar  reflex  origin 
{vide  p.  400).  The  sensory  symptoms  probably  result  from  the 
combined  effect  of  these  motor  and  secretory  disturbances  on 
the  activity  of  the  stomach. 

Chronic  appendicitis  may  give  rise  to  gastric  symptoms, 
which  are  either  the  sole  manifestation  of  the  disease,  or  are 
accompanied  by  constant  discomfort  or  short  attacks  of  pain  in 
the  right  iliac  fossa.  Epigastric  pain,  which  may  radiate  down- 
wards to  the  umbilicus  or  beloAV,  and  occasionally  towards  the 
right  iliac  fossa,  occurs  after  meals.  The  time  of  its  onset  is 
very  irregular.  Most  commonly  it  occurs  immediately  after 
meals,  but  occasionally  it  is  delayed  for  two  or  three  hours.  It 
is  at  the  most  only  slightly  relieved  by  alkalies,  and  food  very 
rarely  gives  even  momentary  relief.  It  is  aggravated  by  exercise 
to  a  greater  extent  than  is  the  case  witii  the  pain  of  gastric  and 
duodenal  ulcer.  The  degree  of  discomfort  varies  from  time  to 
time ;  it  is  rarely  completely  absent,  and  may  sometimes  be 
sufficiently  severe  to  compel  the  patient  to  stay  in  bed.  Nausea 
is  common  and  is  often  present  in  the  absence  of  vomiting.  It 
is  sometimes  produced  by  pressure  on  the  abdomen,  especially 
over  the  appendix,  and  it  may  also  follow  exercise.  A'omiting 
may  occur,  especially  immediately  or  soon  after  food  and  when 
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the  pain  is  severe,  but  it  gives  much  less  rehef  than  in  gastric 
ulcer.     Heartburn  and  acid  regurgitation  are  uncommon. 

Haematcmesis  is  often  said  to  be  a  symptom  of  appendicular 
dyspepsia.  The  truth  is  that  the  appendix,  like  the  teeth  and 
tonsils,  may  act  as  a  focus  of  infection  which  may  give  rise  to 
acute  ulcers  of  the  stomach  or  duodenum.  These  appear  to 
give  rise  to  no  symptoms  in  the  majority  of  cases,  but  erosion 
of  a  blood  vessel  may  occur  and  cause  ha?matemcsis,  and  in  rare 
cases  such  an  ulcer  may  perforate.  Most  frequently  the 
lijcmatemesis  is  neither  preceded  nor  accompanied  by  gastric 
symptoms.  If,  however,  they  do  occur,  they  are  not  due  to  the 
acute  ulcer,  but  to  reflex  appendicular  dyspepsia ;  or  they  may  be 
due  to  accidental  association  with  nervous  dyspepsia  or  with 
the  dyspepsia  which  is  such  a  common  symptom  in  chlorotic 
girls,  independently  of  their  possible  association  with  chronic 
appendicitis  or  acute  gastric  ulcer,  or  both.  Under  certain 
conditions  the  acute  ulcers,  which  result  from  infection  in  the 
appendix  or  elsewhere,  may  become  chronic,  but  much  more 
often  they  heal  rapidly,  owing  to  the  absence  of  the  essential 
predisposing  conditions  which  constitute  the  "  ulcer  diathesis," 
in  the  absence  of  which  a  chronic  ulcer  cannot  develop. 

Tenderness  is  generally  more  marked  in  the  right  iliac  fossa 
than  in  the  epigastrium,  even  when  there  is  no  spontaneous 
pain  in  the  former  situation.  Occasionally  the  localised  tender- 
ness can  only  be  discovered  when  pressure  is  exerted  directly 
over  the  appendix  after  it  has  been  rendered  visible  with  the 
x-rays.  In  many  cases  pressure  in  the  right  iliac  fossa  leads 
to  no  local  pain,  but  to  discomfort  in  the  epigastrium  which  is 
sometimes  accompanied  by  nausea,  exactly  simulating  the 
spontaneous  symptoms. 

Constipation  is  commonly  present.  In  rare  cases  there  may 
be  chronic  diarrhoea,  but  more  frequently  a  form  of  pseudo- 
diarrhoea  occurs,  in  which  frequent  small  stools  are  passed 
owing  to  the  irritation  of  the  rectum  caused  by  a  chronically 
inflamed  appendix  situated  in  the  pelvis.  Pelvic  appendicitis 
may  also  lead  to  irritability  of  the  bladder  with  frequent 
micturition,  and  to  dysmenorrhcea  in  women. 

X-Rays  in  the  Diagnosis  of  Appendicitis 

The  radiography  of  the  appendix  is  a  comparatively  new 
field  of  investigation.  Beclcre '  in  ]906  appears  to  have  been 
the  first  to  obtain  a  radiogram  of  the  appendix.  In  1911 
Grigorieff^  stated  to  a  congress  of  physicians  in  Moscow  that 
the  appendix  becomes  filled  with  opaque  material  in  all  cases 
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in  which  its  lumen  is  in  full  communication  with  that  of  the 
caecum.  In  1913  George  and  Gerber  ^  claimed  that  the  appendix 
could  be  seen  in  70  per  cent,  of  their  patients,  and  in  the 
following  year  ^°  I  drew  attention  for  the  first  time  in  England 
to  the  great  value  of  the  x-rays  in  the  diagnosis  of  disease  of 
the  appendix.  Since  then  numerous  important  contributions 
to  the  subject  have  been  published,  amongst  which  may  be 
mentioned  those  of  Spriggs^^  in  1919  and  Redding  i-  in  1921. 

In  my  opinion  no  operation  for  chronic  appendicitis  is 
justifiable  unless  the  diagnosis  has  been  confirmed  by  means  of 
the  x-rays.  The  x-ray  evidence  is  both  direct  and  indirect;  the 
former  concerns  the  examination  of  the  appendix  itself,  and  the 
latter  is  concerned  with 
the  effect  of  chronic  ap- 
pendicitis on  the  rest  of 
the  alimentary  canal.  The 
sign  of  greatest  impor- 
tance is  the  direct  deter- 
mination of  appendicular 
tenderness  {vide  infra  (1) 
(c));  this  by  itself  is  suf- 
ficient to  enable  a  definite 
diagnosis  to  be  made  in  a 
large  majority  of  cases. 

(1)  Direct  Evidence. 
(«)  The  Shadow  of  the  Ap- 
pendix.— The  appendix  is 
much  more  frequently  visi- 
ble in  normal  individuals 
than  has  generally  been 
supposed,  if  proper  means 
are   taken  to  look  for  it 


Fig.  1. 

Tracing  of  terminal  ileum,  i,  caecum, 
ascending  colon,  and  appendix,  a,  in  case 
of  pelvic  appendicitis. 


The  examination  shoidd  be  made 
between  six  and  twenty-four  hours  after  the  barium  meal.  A 
small  diaphragm  is  used,  and  the  caecum  and  ileum  are  pushed 
from  side  to  side  in  an  attempt  to  move  them  out  of  the  way  of 
the  appendix,  if  the  latter  is  not  seen  without  doing  this.  In 
some  cases  the  patient  should  turn  gradually  on  to  his  left  side 
so  as  to  obtain  lateral  views  in  case  the  appendix  is  situated 
behind  the  caecum.  It  can  be  seen  more  or  less  clearly  in  at 
least  80  per  cent,  of  normal  individuals.  It  is  visible  with 
equal  frequency  in  chronic  appendicitis,  when  its  shape  and 
size,  and  the  rate  of  filling  and  emptying  can  be  investigated. 
More  important  is  the  discovery  of  its  position  in  relation  to  the 
ca?cum  and  terminal  ileum,  and  the  position  of  the  caecum  in 
the  abdomen.     This  often  throws  light  on  cases  in  which  anoma- 
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lous  syinptoins  liavc  resulted  from  the  appendix  being  situated 
in  the  pelvis  (Fig.  1),  behind  the  caecum,  unusually  high — when 
the  symptoms  may  simulate  those  of  gall-stones  or  duodenal 
ulcer,  or  even  on  the  left  side. 

There  is  no  diagnostic  significance  in  the  absence  of  an 
obvious  shadow  of  the  appendix.  On  the  other  hand,  I  have  seen 
the  appendix  cjuite  clearly  in  a  patient  who  had  had  an  appendi- 
cular abscess  opened  abroad ;  she  did  not  know  whether  the 
appendix  had  been  removed,  and  its  discovery  with  x-rays  made 
it  justifiable  to  advise  operation  for  recurrent  pain  in  the  right 
iliac  fossa.  In  a  second  case  the  x-ray  examination  showed 
that  the  appendix  was  still  present  and  very  tender,  although 
the  patient's  parents  had  been  clearly  given  to  understand 
by  an  Austrian  surgeon  that  he  had  removed  it  during  an 
acute  attack  fourteen  years  earlier.  Its  subsequent  removal 
by  Mr.  Warren  Low  was  followed  by  permanent  relief  from 
abdominal  attacks  which  had  become  increasingly  frequent 
during  the  last  seven  years.  In  another  case  an  inflamed 
a{)pendix  had  been  removed  from  a  patient  suffering  from  severe 
rheumatoid  arthritis;  the  latter  rapidly  disappeared  after  the 
operation,  but  some  months  later  the  symptoms  gradually 
returned.  An  x-ray  examination  showed  that  the  stump  of  the 
appendix  was  still  present,  and  that  barium  remained  in  it  at 
least  seventy-two  hours  longer  than  in  the  caecum.  As  the  stump 
was  exceedingly  tender,  and  was  also  the  only  fixed  point  of 
the  whole  bowel,  a  further  operation  was  clearly  indicated. 

(b)  Adhesions  in  the  Right  Iliac  Fossa. — The  presence  of 
adhesions  in  connection  with  the  appendix,  terminal  ileum,  and 
caecum,  whether  to  each  other  or  to  the  surrounding  parts,  can 
be  recognised  by  deep  palpation  during  a  screen  examination. 
Great  care  is  required  to  avoid  diagnosing  adhesions  by  this 
method  of  examination  when  they  are  not  present,  but  ad- 
hesions of  any  importance  are  not  likely  to  be  missed.  If  the 
caecum  is  in  the  pelvis  it  can  often  be  drawn  into  the  right 
iliac  fossa  by  manipulation  under  the  screen.  When  this  cannot 
be  done,  it  is  impossible  to  determine  whether  adhesions  are 
present,  as  the  caecum  and  appendix  are  too  deep  to  be  palpated 
satisfactorily,  unless  the  colon  is  distended  with  air  or  the 
bladder  is  not  emptied  for  ten  or  twelve  hours  before  the  exam- 
ination. If  the  appendix  is  adherent  to  the  pelvic  wall  or  to  a 
pelvic  organ  other  than  the  bladder,  it  does  not  rise  under  these 
circumstances.  Sometimes  the  ileum  appears  to  be  fixed  where 
it  crosses  the  pelvic  brim ;  but  by  manipulation  the  whole  loop 
can  be  raised  out  of  the  pelvis  and  the  apparent  adhesions  and 
kink  disappear.     On  one  occasion  (Fig.  2)  I  saw  what  looked 
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like  a  typical  ileal  kink,  the  ileum  being  fixed  where  it  passed 
over  the  brim  of  the  pelvis  ;  no  amount  of  manipulation  had  any 
effect  upon  it,  but  on  inflating  the  bowel  in  carrying  out  Eastedo's 
inflation  test  for  appendicitis,  the  distended  pelvic  colon  lifted 
the  last  part  of  the  ileum  completely  out  of  the  pelvis,  and 
palpation  now  showed  that  there  were  no  adhesions  and   no 


(0) 


Fig.  2. 


(a)  Apparent  ileal  kink  (k)  at  brim  of  pelvis;  r,  caecum  ;  ii.  end  of  ileum. 
{b)  Caecum  raised  b\-  pressure  of  fingers  ;  "kink"  still  present,  (r)  Disappear- 
ance of  "kink"  after  inflation  of  tlie  colon. 

kinks.  Before  a  diagnosis  of  an  ileal  kink  can  be  made  with 
the  x-rays  the  colon  should  therefore  be  inflated,  if  palpation 
has  failed  to  separate  the  apparent  adliesion. 

(c)  Tenderness  of  the  Appendix. — The  x-rays  have  demon- 
strated that  in  chronic  appendicitis  tenderness  is  confined  to  the 
whole  or  more  frequently  to  some  part  of  the  appendix  itself, 
the  part  apparently  corresponding  to  an  inflamed  area  or  to  the 
position  of  one   or  more  concretions.     When  the  ciecum  and 
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appendix  are  pushed  aside  by  one  hand,  pressure  upon  the 
appendix  with  the  other  shows  that  it  is  still  the  maximum 
point  of  tenderness,  whilst  pressure  over  the  original  point  of 
tenderness  now  causes  no  pain;  this  proves  that  true  visceral 
tenderness  and  not  referred  tenderness  is  being  demonstrated. 
If  typhlitis  is  also  present,  as  in  infections  with  the  Entamoeba 
histolytica,  the  caecum  may  be  tender  in  addition,  and  in  rare 
cases  the  ileum,  if  firmly  bound  down  by  adhesions,  may  be 
also  tender.  But  if  the  appendix  is  the  primary  source  of  the 
disease,  it  generally  remains  the  most  tender  point. 

On  ordinary  examination  of  the  right  iliac  fossa  the  parts 
are  unavoidably  displaced  when  pressure  is  exerted;  it  may 
happen  that  the  appendix  itself  thus  escapes  direct  pressure. 
I  have  fomid  on  several  occasions  that  the  appendix,  when 
palpated  under  the  screen,  was  exceedingly  tender,  although  no 
tenderness  had  been  observed  immediately  before  on  pressing 
in  the  right  iliac  fossa  without  the  guidance  of  the  x-rays. 

In  most  instances  the  appendix  is  quite  impalpable,  and  it 
would  therefore  be  impossible  without  the  x-rays  to  be  certain 
whether  the  appendix  itself  was  the  seat  of  the  local  tenderness. 
Even  when  it  is  not  fdled  with  barium,  and  is  therefore  not 
visible  with  the  x-rays,  local  tenderness  in  a  situation,  which 
from  its  relation  to  the  caecum  and  termination  of  the  ileum  is 
hkcly  to  be  that  of  the  appendix,  is  strong  evidence  in  favour  of 
appendicitis. 

{d)  Concretions  and  Foreign  Bodies. — The  right  iliac  fossa 
should  always  be  examined  with  the  x-rays  before  the  barium 
meal  is  taken,  as  in  rare  cases  a  concretion,  and  still  less  fre- 
quently a  foreign  body  can  be  seen  in  the  appendix.  Spriggs  has 
pointed  out  that  in  many  cases  the  barium  passes  round  a  soft 
concretion,  which  then  gives  the  appearance  of  a  vacuole. 

(2)  IxDiRECT  Evidence,  (a)  The  Stomach:  Hypertonus ; 
Spasmodic  Hour-glass  Contraction  ;  Reversed  Peristalsis. — Chronic 
appendicitis  may  be  associated  with  a  hypertonic  condition  of  the 
stomach,  which  empties  itself  with  abnormal  rapidity.  This  is 
much  less  frequently  observed  than  with  duodenal  ulcer,  and 
the  extreme  degree  often  seen  in  the  latter  condition  is  very  rarely 
present  in  appendicitis.  More  commonly  a  spasm  occurs  in  the 
centre  of  the  stomach.  Indeed,  chronic  appendicitis  is,  after 
gastric  ulcer,  the  most  common  cause  of  spasmodic  hour-glass 
constriction  of  the  stomach.  In  an  earlier  issue  of  the"  Reports  " 
the  diagnosis  of  this  condition  from  organic  and  orthostatic 
stricture  was  discussed  (p.  168).  I  have  on  a  few  occasions 
seen  a  spasm  develop  in  the  middle  of  the  stomach  when 
pressure  was  exerted   over   the   appendix,  and  Mr.  P.   Briggs 
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has  seen  the  normal  peristalsis  become  suddenly  much  more 
active  under  the  same  conditions;  in  most  cases  epigastric 
discomfort  was  simultaneously  produced,  occasionally  without 
any  accompanying  pain  in  the  right  iliac  fossa.  I  have  twice 
seen  reversed  peristalsis  in  the  stomach  associated  with  chronic 
appendicitis,  although  there  was  no  trace  of  pyloric  obstruction, 
and  the  stomach  emptied  itself  at  the  normal  rate.  These  are 
the  only  exceptions  I  have  met  with  to  the  rule  that  reversed 
peristalsis  is  pathognomonic  of  pyloric  obstruction.  It  should 
be  noted  that  the  reversed  peristalsis  was  less  regular  than  that 
generally  seen  in  pyloric  obstruction.  Feeble  waves  occasionally 
passed  backwards  from  a  point  about  three  inches  from  the 
pylorus  on  the  greater  curvature  at  the  same  time  as  normal 
peristaltic  waves  started  from  the  same  point  on  their  way  to 


Fig.  3. 

Ileal  stasis  due  to  reflex  closure  of  the  ileo-csecal  sphincter  in  chronic 
appendicitis,     i,  terminal  ileum;  c,  caecum;  r,  rectum;  u,  umbilicus. 

the  pylorus.  There  was  no  delay  in  the  evacuation  of  the 
stomach  and  at  the  operation  nothing  abnormal  was  seen  in 
either  the  stomach  or  duodenum.  In  one  case  the  appendix  was 
associated  with  an  undescended  caecum  and  was  therefore  very 
near  the  pylorus;  this  fact  may  have  been  responsible  for  the 
abnormal  gastric  peristalsis. 

(b)  Ileal  Stasis. — The  normal  stasis  which  occurs  in  the  end 
of  the  ileum  is  increased  in  all  conditions  which  lead  to  spasm 
or  to  inhibition  of  the  normal  relaxation  (achalasia)  of  tlie 
ileo-csecal  sphincter.  The  most  important  of  these  conditions 
is  appendicitis.  In  the  case  of  a  middlc-agcd  gentleman  with 
symptoms  of  chronic  appendicitis  the  stomach  was  empty  six 
hours  after  the  bismuth  meal,  but  no  bismuth  was  present  in  the 
cfccum,  all  of  it  having  collected  in  the  end  of  the  ileum,  though 
in  the  average  normal  individual  the  shadow  by  this  time  should 
have  reached  the  hepatic  flexure  (Fig.  3).  The  last  few  inches 
of  the  ileum  could  be  clearly  defined,  as   they   were  distended 
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witli  chyme.  Palpation  under  the  screen  showed  that  there 
were  no  adhesions,  tlie  whole  of  the  ileum  being  freely  movable. 
Twenty-four  hours  later  some  bisnuith  was  still  present  in  the 
last  inch  and  a  half  of  the  ileum  and  a  little  in  the  caecum  and 
ascending  colon,  all  the  rest  having  passed  to  the  rectum,  from 
which  some  bisnnith-containing  faeces  had  just  been  evacuated. 
It  was  clear,  therefore,  that  the  only  stasis  in  this  patient's 
alimentary  canal  was  in  the  end  of  the  ileum.  Mr.  R.  P.  Rowlands 
o})erated  and  removed  an  inflamed  appendix  full  of  pus,  but 
found  that  the  ileum  was  perfectly  normal  and  was  free  from 
adhesions.  The  ileo-ca?cal  junction  was  not  abnormally  narrow, 
so  that  it  was  clear  that  the  stasis  could  have  been  due  to  nothing 
else  than  achalasia  or  spasm  of  the  ileo-caecal  sphincter. 

(c)  Ccecal  Stasis. — Chronic  appendicitis  frequently  causes 
stasis  in  the  ca?cum  and  ascending  colon  by  giving  rise  to  reflex 
inhibition  of  the  normal  mass  peristalsis.  In  such  cases  the 
x-rays  show  that  the  caecum  and  ascending  colon  are  often 
abnormally  large  and  unusually  mobile. 

The  greater  part  of  the  opaque  meal  remains  in  the  caecum 
and  ascending  colon  at  the  end  of  twenty-four  hours  and  often 
after  forty-eight  or  even  seventy-two  hours.  The  barium  may 
pass  through  the  rest  of  the  colon  at  the  normal  rate,  so  that 
after  twenty-four  hours,  a  small  quantity  may  be  seen  in  the 
neighbourhood  of  the  splenic  flexure  or  even  in  the  pelvic  colon, 
from  which  it  may  be  expelled  in  the  stool,  although  the  greater 
part  has  not  yet  passed  the  hepatic  flexure. 

In  one  such  case  the  appendix,  caecum,  and  ascending 
colon  were  full  twenty-four  hours  after  the  meal,  and  some 
barium  was  seen  in  the  rectum,  but  otherwise  the  colon  was 
empty.  The  caecum  was  freely  movable  and  could  be  drawn 
without  difficulty  from  the  pelvis,  in  which  it  was  situated,  both 
on  lying  down  and  standing.  The  tip  of  the  appendix,  however, 
remained  adherent  to  the  pelvic  brim,  its  junction  with  the 
caecum  being  exceedingly  tender. 

{d)  Rectal  Stasis  or  Dyschezia. — When  the  appendix  hangs 
over  the  brim  of  the  pelvis,  or  when  the  caecum  as  well  as  the 
appendix  is  situated  in  the  pelvis,  chronic  appendicitis  may  give 
rise  to  dyschezia.  In  one  such  case  (Fig.  4)  the  rectum  (r)  was 
already  distended  with  barium-containing  fjcccs  ten  hours  after 
the  meal,  though  no  desire  to  defaecate  was  felt ;  the  caecum  was 
still  full,  but  the  other  parts  of  the  colon  were  nearly  empty.  The 
a])pendix  (a),  which  was  clearly  visiljle  with  the  x-rays,  was  in 
close  relationship  with  the  rectum  and  was  very  tender  on 
pressure ;  it  showed  obvious  signs  of  chronic  inflammation  when 
removed. 
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(e)  Enterospasm. — Chronic  appendicitis  is  the  most  common 
of  the  reflex  causes  of  enterospasm.  The  x-rays  generally  show 
that  the  lumen  of  the  colon  is  abnormally  narrow  in  various 
short  portions  of  its  length,  the  exact  position  changing  from  one 
examination  to  another.  The  part  most  commonly  affected  is 
the  proximal  half  of  the  transverse  colon,  and  the  contracted 
segment  is  generally  shorter  than  what  is  observed  in  other 
forms  of  enterospasm.  The  constipation  present  in  these  cases 
is  the  result  of  interference  with  the  normal  peristalsis  of  the 


Fig.  4. 

Chronic  appendicitis  giving  rise  to  dyschezia.  Tracing  taken  ten  lionrs  after 
a  barium  meal,  showing  rectum  (r)  distended  with  fjeces,  though  no  desii'e  to 
defa?cate  was  felt.  The  appendix  (a),  which  was  very  tender  to  pressure  and 
showed  obvious  signs  of  chronic  inflammation  when  removed,  is  in  close  relation- 
ship to  the  rectum.  The  caecum  (c)  is  full,  but  the  other  parts  of  the  colon 
(a.c,  t.c,  B.C.,  I.e.,  p.c.)  contain  only  a  little  barium. 

colon  and  is  not  due  to  the  mechanical  obstruction  offered  b}' 
the  contracted  intestine,  as  the  x-rays  show  that  no  delay  occurs 
in  the  passage  through  the  contracted  segment,  and  that  there 
is  no  dilatation  of  the  bowel  immediately  proximal  to  it. 


Bastedo's   Sign 

In    a    paper    published  in    1909    Bastedo  ^^   of    New    York 

described   a   sign  which  he  believes  is   of   great  value   in   the 

diagnosis  of  chronic  appendicitis.     In  1013  I  published  a  paper  '^^ 

entirely  confirming   his    observations.     The   test    is    simple  to 
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carry  out,  causes  very  little  inconvenience  to  the  patient,  and 
is,  in  my  experience,  more  reliable  than  any  sign  hitherto 
described,  with  the  exception  of  the  discovery  with  the  x-rays 
of  tenderness  localised  to  the  appendix. 

The  test  depends  upon  the  production  of  pain  and  tenderness 
in  the  right  iliac  fossa  on  inflation  of  the  colon  with  air.  For 
this  purpose  I  use  an  ordinary  rubber  rectal  flatus  tube,  which  is 
connected  with  the  nozzle  of  a  Higginson's  enema  syringe. 
Bastedo  recommended  that  the  tube  should  be  inserted 
eleven  or  twelve  inches  into  the  rectum,  but,  as  a  tube  can 
very  rarely  be  passed  beyond  the  j^elvi-rectal  flexure,  which 
is  situated  four  and  a  half  inches  froin  the  anus,  there  is  no 
advantage  in  introducing  it  further  than  just  within  the  am- 
pulla of  the  rectum — about  an  inch  and  a  half  from  the  anus. 
After  the  tube  has  been  inserted  the  patient  lies  flat  on 
his  back,  and  the  pump  is  brought  up  between  his  legs.  On 
now  slowly  pumping  air  through  the  tube  the  colon  is  seen 
gradually  to  distend,  and  after  a  certain  quantity  has  been 
introduced  an  individual  who  is  not  suffering  from  appendicitis 
feels  a  diffuse  discomfort  in  the  lower  part  of  the  abdomen,  but 
there  is  no  pain  unless  an  excessive  quantity  of  air  is  introduced, 
in  which  case  it  is  not  more  marked  on  one  side  than  the  other. 
There  is  also  no  tenderness.  Patients  suffering  from  appendicitis, 
however,  generally  experience  pain  in  the  right  iliac  fossa,  even 
if  the  pain  has  hitherto  been  confined  to  the  epigastrium  or  the 
neighbourhood  of  the  umbilicus.  In  one  of  my  cases,  in  which 
a  diseased  appendix  was  subsequently  removed,  pain  was  only 
felt '  some  hours  later.  Whenever  pain  is  produced,  and  in 
some  cases  in  which  no  pain  has  been  felt,  well-marked  tender- 
ness is  found  in  the  right  iliac  fossa.  When  tenderness  has 
already  been  observed  in  this  situation,  it  is  generally  much 
increased  by  inflation,  but  it  is  also  found  in  cases  in  which 
no  tenderness  has  hitherto  been  noticed  in  spite  of  frequent 
examinations.  In  a  number  of  instances  I  have  observed  a 
further  exceedingly  characteristic  sign;  the  pain  is  referred  to 
the  epigastrium  when  pressure  is  exerted  in  the  right  iliac  fossa 
after  inflation,  the  epigastric  pain  being  identical  in  character 
with  that  which  formed  the  chief  symptom  of  which  the  patient 
complained.  Occasionally  no  pain  was  felt  in  the  right  iliac 
fossa  on  inflation,  but  the  patient  complained  of  epigastric 
discomfort  and  sometimes  nausea,  identical  in  character  with 
the  symptoms  which  occurred  spontaneously. 

The  test  known  as  Rovsing's  sign,  although  it  had  been 
employed  by  Dr.  Lauriston  E.  Shaw  for  some  years  before 
Rovsing's  first  publication  on  the  subject,  in  which  pain  is  felt  in 
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the  right  ihac  fossa  on  exerting  pressure  over  the  descending 
colon,  has  a  similar  significance  to  Bastedo's  sign,  as  it  appears  to 
depend  vipon  gas  being  pressed  from  the  distal  into  the  proximal 
part  of  the  colon.  It  is,  however,  of  limited  use,  as  it  is  compara- 
tively rare  for  sufficient  gas  to  be  present  in  the  descending 
colon.  After  the  colon  has  been  inflated  in  the  carrying  out  of 
Bastedo's  test,  and  the  pain  produced  has  disappeared,  it  can 
often  be  caused  to  return  by  pressing  upwards  along  the 
descending  colon,  as  in  Rovsing's  test. 

In  my  own  experience  I  have  only  obtained  a  positive 
Bastedo's  sign  in  appendicitis,  the  appendix  having  always  been 
found  diseased  at  the  subsequent  operation,  except  in  a  few 
cases  in  which  inflation  of  the  colon  gave  rise  to  pain  in  the 
right  iliac  fossa,  although  the  appendix  had  previously  been 
removed.  In  such  cases  adhesions  were  probably  present.  In 
one  such  case  Rost  found  a  band  passing  from  the  side  of 
the  caecum,  which  was  otherwise  abnormally  movable;  in  all 
probably  the  pain  resulted  from  the  pull  of  this  band  upon 
the  distended  and  movable  csecum  when  the  colon  was  inflated. 
In  most  cases  in  which  the  abdomen  has  subsequently  been 
explored  in  spite  of  a  negative  Bastedo's  sign,  the  appendix  has 
been  found  to  be  healthy;  in  some  cases  disease  has  been 
discovered  in  the  female  pelvic  organs,  the  gall-bladder,  or  the 
right  kidney  or  ureter. 

A  negative  response  to  the  test  does  not  definitely  exclude 
appendicitis,  but  the  probability  of  its  presence  is  small  in  that 
case,  and  very  clear  evidence  of  other  kinds  is  required  before  an 
operation  for  the  removal  of  the  appendix  could  be  justified. 

In  my  Goulstonian  Lectures  ^^  I  showed  that  the  only  stimulus 
to  visceral  pain  is  distension.  On  inflating  the  colon  the  pain 
eventually  produced  occurs  no  sooner  in  the  appendix  tlian  in 
the  rest  of  the  colon,  so  long  as  the  former  is  not  diseased,  but 
if  it  is  inflamed,  pain  and  tenderness  are  observed  in  the  right 
iliac  fossa.  It  is  not  yet  clear  to  what  extent  adhesions  binding 
down  the  appendix  may  be  concerned  in  the  production  of  the 
pain,  but  in  some  of  my  cases  there  were  no  adhesions,  so  that 
the  chief  factor  in  Bastedo's  test  is  probably  distension  of  the 
diseased  appendix. 

Treatment  and  the  Question  of  Focal  Infection  in 
Chronic  Appendicitis 

Complete  recovery  should  follow  the  removal  of  the 
appendix  for  chronic  appendicitis,  but  it  is  not  infrequent 
for  the  symptoms  to  persist  for  a  time  after  the  operation,  especi- 
ally in  anaemic,  neurasthenic  or  hysterical  patients.      It  is  best 
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in  such  individuals  to  give  a  preliminary  course  of  treatment 
before  tlie  operation  is  performed  in  order  to  improve  their 
general  condition,  and  it  is  important  that  the  patient  should 
have  a  sufficiently  long  rest  afterwards  instead  of  being  allowed 
to  get  up  in  the  usual  way — often  before  the  end  of  a  fortnight. 

Infected  teeth  and  tonsils  are  so  common  that  their  associa- 
tion with  appendicitis  might  be  regarded  as  accidental,  were 
it  not  for  the  recent  remarkable  investigations  carried  out  by 
Rosenow.^^  He  has  shown  that  intravenous  injection  of  strep- 
tococci and  much  less  frequently  of  B.  coli  isolated  from  a  diseased 
appendix  into  rabbits  produces  appendicitis.  He  has  also  shown 
that  streptococci  isolated  from  the  teeth,  the  apices  of  which  are 
infected,  and  from  infected  tonsils  in  cases  of  appendicitis,  show  a 
selective  action  on  the  appendix  when  inoculated  into  rabbits, 
appendicitis  being  produced  in  68  per  cent,  of  the  animals, 
just  as  streptococci  from  the  teeth  and  tonsils  in  cases  of  gastric 
or  duodenal  ulcer  and  in  cholecystitis  show  a  selective  action 
on  the  stomach  or  duodenum  (60  per  cent.)  and  the  gall-bladder 
(80  per  cent.)  respectively.  On  the  other  hand,  streptococci 
isolated  for  infected  teeth  or  tonsils  in  the  absence  of  disease  of 
the  appendix,  stomach  and  duodenum,  or  gall-bladder,  rarely 
cause  appendicitis  (3  per  cent.),  gastric  and  duodenal  ulcer 
(17  per  cent.),  or  cholecystitis  (4  per  cent.). 

Rosenow  has  shown  that  the  streptococci  isolated  from  the 
appendix,  teeth  or  tonsils  in  cases  of  appendicitis  have  no  effect 
when  introduced  into  the  lumen  of  the  normal  appendix,  in  spite 
of  their  specific  action  on  the  appendix  when  injected  intra- 
venously. Only  when  chronic  inflammation  has  resulted  in 
damage  to  the  mucous  membrane  or  to  stasis  in  the  appendix 
owing  to  the  presence  of  fgecoliths,  strictures  or  kinks  from 
adhesions,  is  further  infection  from  the  lumen  of  the  bowel 
likely  to  take  place.  Swallowed  streptococci  originating  in 
pyorrhoea  alveolaris  and  tonsillitis  may  then  lead  to  secondary 
infection  and  recrudescence  of  inflammation  which  is  latent  or 
has  died  completely  out,  especiall}^  if  the  oral  sepsis  is  associated 
with  achlorhydria,  which  deprives  the  stomach  of  the  normal 
antiseptic  action  of  the  gastric  juice.  Under  the  same  con- 
ditions pathogenic  strains  of  B.  coli  or  streptococci  in  cases 
of  colitis  involving  the  csecum  may  also  lead  to  secondary 
appendicitis. 

In  spite  of  their  specific  affinity  for  the  appendix  the  strep- 
tococci isolated  in  cases  of  appendicitis  are  culturally  almost 
identical  with  those  obtained  in  other  diseases,  and  they  soon 
lose  their  specific  action  on  passage  through  animals.  The  not 
uncommon  association  of  appendicitis  with   gastric  ulcer  and 
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especially  with  duodenal  ulcer,  and  also  with  cholecystitis, 
suggests  that  the  streptococci  may  have  a  specific  affinity  for 
more  than  one  organ  or  may  in  course  of  time  vary  in  their 
specific  affinities. 

From  these  considerations  it  is  clear  that  removal  of  the 
appendix  in  cases  of  chronic  appendicitis  may  not  lead  to 
the  complete  disappearance  of  the  patient's  symptoms.  The 
teeth  should  be  x-rayed  in  order  that  any  apical  infection,  which 
may  occur  in  the  complete  absence  of  pyorrha?a  alveolaris, 
may  be  discovered,  and  every  septic  focus  in  the  teeth,  tonsils 
and  nasal  sinuses  should  be  eradicated — if  possible  before  the 
abdominal  operation  is  undertaken.  In  this  way  many  of  the 
disappointments  due  to  the  coincidence  of  colitis  and  early  or 
latent  cholecystitis,  and  to  the  recurrence  of  haematemesis  from 
acute  gastric  or  duodenal  ulcers  should  be  avoided ;  with  the 
possible  exception  of  the  cholecystitis  no  local  surgical  treat- 
ment carried  out  at  the  same  time  as  the  appcndicectomy  is 
likely  to  be  of  any  use. 

In  slight  and  doubtful  cases,  in  which  an  immediate  operation 
is  obviously  unnecessary,  no  harm  can  be  done  by  waiting  to 
see  whether  the  removal  of  foci  of  infection,  together  with  the 
administration  of  dilute  hydrochloric  acid  in  adequate  doses  if 
achlorhydria  is  present,  does  not  lead  to  complete  and  permanent 
recovery.  I  do  not,  of  course,  suggest  any  such  delay  if  a 
definite  attack  of  acute  or  subacute  appendicitis  has  occurred, 
or  in  long-standing  cases  of  unmistakable  chronic  appendicitis, 
but  every  surgeon  will  welcome  the  possibility  of  avoiding  the 
necessity  of  operating  on  the  doubtful  cases,  which  so  often  are 
incompletely  cured  or  whose  state  of  invalidism  may  even  be 
exaggerated  by  operation. 
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THE   GASTRIC    SECRETION   IN  APPENDICITIS 
AND   CHOLELITHIASIS 

By  T.  G.  BONAR,  M.A.,  M.B.,  Surgical  Assistant,  Guy's  Hospital. 

I.  Appendicitis 

Chronic  appendicitis  may  manifest  itself  either  in  symptoms 
localised  to  the  right  iliac  fossa  or  in  symptoms  which  are 
mainly  gastric,  the  latter  group  being  commonly  known  as 
appendicular  dyspepsia.  Whereas  the  symptoms  in  the  former 
group  are  due  to  attacks  of  subacute  inflammation  developing 
on  the  top  of  chronic  appendicitis,  and  depend  directly  upon 
the  actual  pathological  processes  occurring  in  the  right  iliac 
fossa,  the  symptoms  in  the  latter  are  undoubtedly  reflex  in 
origin.  Evidence  of  their  reflex  origin  has  been  obtained  by  a 
study  of  the  motor  functions  of  the  stomach  in  these  cases 
{vide  p.  392).  The  investigations  described  in  this  paper  have 
been  carried  out  with  the  object  of  ascertaining  whether  similar 
reflex  secretory  abnormalities  occur. 

All  the  cases  were  examined  by  means  of  a  fractional  test- 
meal,  and  the  results  obtained  show  a  striking  difference  in 
the  two  types  of  cases  I  have  just  described.  In  forty  cases 
the  symptoms  were  confined  to  the  right  iliac  fossa.  Of  these, 
twenty-two  (55  per  cent.)  showed  achlorhydria  or  hypochlor- 
hydria;  six  (15  per  cent.)  showed  normal  acidity,  and  twelve 
(30  per  cent.)  showed  high  acidity.  In  twenty-five  cases  of 
appendix  dyspepsia  none  showed  achlorhydria  or  hypochlor- 
hydria ;  three  (12  per  cent.)  showed  a  normal  curve,  and 
twenty-two  (88  per  cent.)  showed  hyperacidity,  thirteen  of 
the  latter  having  a  characteristic  pyloric  or  duodenal  type  of 
curve. 

These  percentages  should  be  compared  with  those  obtained 
by  Bennett  and  Kyle  in  one  hundred  normal  students,  four  of 
whom  showed  achlorhydria  and  ten  hyperchlorhydria.  The 
excessive  number  of  cases  with  achlorhydria  or  hypochlorhydria 
in  the  first  group  of  cases  is  in  striking  contrast  with  the  absence 
of  achlorhydria  from  the  second  group  with  appendix  dyspepsia. 
The  most  probable  explanation  is  that  the  achlorhydria  is  a 
predisposing  cause  of  chronic  appendicitis  rather  than  a  result 
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of  the  condition,  as  the  absence  of  free  hydrochloric  acid  from 
the  stomach  must  render  it  abnormally  easy  for  infection  of 
the  bowel  and  appendix  to  occur.  On  the  other  hand,  the 
hyperchlorhydria  found  in  the  second  group  of  cases  is  prob- 
ably a  reflex  result  of  the  chronic  irritation  of  the  appendix, 
and  is  responsible  with  the  reflex  motor  disturbances  in  the 
stomach  for  the  gastric  symptoms,  which  are  not  observed  in 
the  other  cases. 

II.  Gall-bladder 

Thirty-five  cases  of  gallstones  have  been  investigated.  Of 
these  seventeen  (49  per  cent.)  showed  achlorhydria,  ten  (29  per 
cent.)  had  a  normal  curve,  and  eight  (23  per  cent.)  had  hyper- 
chlorhydria. The  very  large  proportion  of  cases  with  achlor- 
hydria is  probably  due  to  the  absence  of  gastric  juice  predisposing 
to  duodenal  infection  and  consequent  ascending  infection  of 
the  bile-ducts,  the  achlorhydria  being,  as  in  the  first  group  of 
appendix  cases,  a  predisposing  cause  and  not  a  result  of  the 
disease.  The  proportion  showing  hyperchlorhydria,  though 
much  smaller,  is  a  good  deal  greater  than  in  normal  individuals 
and  is  probably,  like  the  hyperchlorhydria  of  appendix  dys- 
pepsia, reflex  in  origin.  It  has,  however,  not  been  possible  to 
divide  the  gallstone  cases  into  two  groups  according  to  their 
symptoms  corresponding  to  the  two  groups  described  in  the 
case  of  appendicitis. 
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IV.  ACQUIRED   TISSUE   MALFORMATIONS 

The  malformations  that  have  been  discussed  in  the  preceding 
studies  are  congenital,  or  at  least  depend  upon  disturbances 
that  have  taken  place  during  the  development  of  the  organs 
of  the  body.  There  are  others  that  have  originated  after  the 
development  of  the  tissues  was  completed.  They  are  of  no 
little  interest  and  importance  to  us,  since  we  often  know  the 
causes  that  are  responsible  for  their  production.  Again,  they 
are  similar  to  and  comparable  with  the  ante-natal  malformations, 
and  help  us  to  understand  the  aetiology  of  many  of  these. 

I  have  pointed  out  that  congenital  tissue  malformations 
merge  imperceptibly  with  certain  tumours,  the  so-called 
hamartomata.  This  is  equally  true  of  those  that  owe  their 
beincf  to  the  accidents  of  adult  life. 

Post-natal  or,  to  be  accurate,  post-developmental  mal- 
formations can  be  subdivided  into  anomalies  of  bulk  and  of 
differentiation,  and  into  those  of  position  and  of  blending. 
This  classification  enables  us  to  compare  them  with  those  whose 
origin  is  developmental. 

1.  The  Hypoplasias. — I  need  do  no  more  than  mention  the 
hypoplasias  and  atrophies.  Because  of  deficient  blood-supply, 
impairment  of  function,  the  fibrosis  of  healed  inflammatory 
lesions,  more  or  less  obscure  conditions  known  as  degenerations, 
and  other  disturbances  of  metabolism,  certain  changes  are 
set  up  in  a  part.  Its  cells  are  diminished  in  number,  in  size, 
and  in  the  height  of  their  differentiation.  The  most  highly 
organised  cells,  namely  the  epithelia,  are  those  that  suffer  first 
and  most  severely,  whereas  the  connective  tissue  stroma  usually 
proliferates.  The  conversion  of  liver  cells  into  so-called  bile- 
capillaries,  and  the  new  formation  of  the  latter  that  frequently 
accompanies  the  atrophy  of  the  secreting  epithelium,  can  be 
taken  as  a  type  of  these  changes.  Compare  Fig.  33,  which 
represents  a  nodule  of  sub-capsular  atrophy  of  the  liver,  with 
the  congenital  anomaly  depicted  in  Fig.  13  (II.).  Essentially 
they  are  both  of  them  substitutions  of  highly  organised  secreting 
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epithelium  by  less  highly  differentiated  conducting  epithelium, 
accompanied  by  overgrowth  of  connective  tissue.  Whether 
the  substitution  be  a  direct  conversion  of  liver  cells,  or  a  replace- 
ment by  proliferated  bile-capillaries,  it  is  difficult  to  say.  But 
there  can  be  no  doubt  that  it  is  induced  by  the  stimulation 
to  regenerative  activity  coincident  with,  and  very  probably 
dependent  on  impairment  of  function.  Since  the  regenerative 
proliferation  is  slight,  the  loss  of  differentiation  is  not  great. 
But  it  is  present,  and  corresponds  closely  with  the  appearances 
seen  in  many  of  the  congenital  tissue  malformations  that  have 
been  discussed  in  Study  II. 

2.  The    Hyperplasias. — The    possible    relationship    of    the 
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Fig.  33. 
Localised  sub-capsular  atrophy  of  liver.     Magnif.,  80. 


hyperplasias  to  blastomatous  proliferation  will  have  to  be 
discussed  later.  A  few  structural  peculiarities  may,  however, 
be  considered  here. 

A  hyperplasia  is  often  localised.  It  then  forms  a  nodule 
which,  on  account  of  its  isolation,  frequently  resembles  a  tumour 
so  closely  that  it  becomes  impossible  to  decide  upon  its  true 
status.  Such  hyperplasias  are  typical  hamartomata.  They 
occur  with  great  frequency  in  certain  cases  of  cirrhosis  and 
sub-acute  atrophy  of  the  liver.  The  large,  soft,  rounded,  bile- 
stained  nodules  which  often  replace  a  great  part  of  the  organ 
in  these  conditions  are  well  known  to  every  one.  Their 
resemblance  to  tumours  is  accentuated  by  their  failure  to  unite 
with  the  bile  ducts  and   by  the  consequent  accumulation  of 
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secretion.  I  have  seen  such  a  nodule  in  an  otherwise  healthy 
liver.  It  was  well  defined  to  the  naked  eye,  but  the  microscope 
showed  that  it  passed  gradually  into  the  surrounding  tissue. 
Near  its  centre  its  cells  were  large,  and  their  nuclei  were 
increased  in  number  and  in  size.  But  these  differences  gradually 
disappeared  as  the  periphery  was  reached.  It  is,  of  course, 
open  to  any  one  to  say  that  this  nodule  had  originated  in  an 
error  of  development.  Such  a  statement,  however,  cannot 
apply  to  the  multiple  nodules  in  cirrhotic  livers.  These  are 
clearly  attempts  at  compensating  the  antecedent  destruction 
of  epitheliinn.     Since  cause  and   effect  are  obvious,   they  are 
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Fio.  34. 
Hyperplasia  of  tubules  of  granular  kidney.     Magnif.,  110. 

always  classed  among  the  compensatory  hyperplasias.  It  is 
only  when,  as  in  the  case  of  an  isolated  nodule  in  an  otherwise 
healthy  organ,  its  setiology  is  obscure,  that  we  are  tempted  to 
fall  back  upon  a  congenital  anomaly  and  to  relegate  it  to  the 
tumours. 

This  argimient  applies  with  equal  force  to  the  so-called 
adenomata  of  granular  kidneys.  Fig.  34  represents  an  early 
stage  of  one  of  these.  We  see  an  irregular  tubular  formation, 
which  is  split  up  into  inter-conmnmicating  Iimiina  by  extremely 
delicate  connective  tissue  septa  and  papilkt,  lined  by  one  or 
more  layers  of  small,  deeply  stained  epithelial  cells  with  relatively 
large  nuclei.  Three  isolated  lumina,  lined  by  identical  epithe- 
lium, are  to  be  seen  in  tlic  drawing.     Two  of  these  probably 
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communicated  with  the  first  at  other  levels,  whereas  the  third 
did  not.  Similar  tubules  were  found  in  other  parts  of  the  organ. 
I  have  seen  them  on  many  occasions,  and  have  traced  all  stages 
from  small  simple  lumina  to  large  "  adenomatous  "  formations. 
I  have  satisfied  myself  that  many  of  the  latter  are  enormously 
distended  renal  tubules,  sub-divided  by  ingrowths  of  connective 
tissue  covered  by  proliferating  epithelium,  which  after  a  time 
assumes  an  independent,  blastomatous  mode  of  growth.  I  was 
able,  on  one  occasion,^  to  demonstrate  a  connection  between  the 
lumen  of  one  of  them  and  a  renal  tubule.  The  epithelial 
proliferation  is  an  attempt  at  compensatory  hyperplasia.  It 
is  of  common  occurrence  in  granular  kidneys,  and  I  have 
never  seen  it  in  a  healthy  organ.     Buds  grow  outwards  from 


Fig.  35. 
Chronic  mastitis.     Mammary  lobules  resembling  fibro-adenomata.     Magnif.,  90. 

the  hypertrophied  tubule.  It  sometimes  attains  a  large  size 
and  becomes  encapsulated,  and  acquires  all  the  characters 
that  we  associate  Avith  an  adenoma.  IMalignant  tumours  of 
the  kidneys  are  found,  whose  structure  is  identical.  These 
will  be  referred  to  again  later. 

Hyperplasia  of  the  stroma  of  an  organ  produces  an  isolation 
of  its  epithelium,  which  is  often  suggestive  of  a  congenital 
malformation.  If  the  epithelium  has  not  been  destroyed  or 
its  growth  inhibited  by  the  fibrosis,  it  can  itself  proliferate  and 
take  on  an  atypical  structure,  and  give  rise  to  a  genuine  hamar- 
toma. It  is  difficult  to  judge  the  extent  to  which  isolation  is 
responsible  for  this  atypical  proliferation,  and  that  to  which 
it  is  produced  by  the  irritation  consequent  on  a  mild  form 
of  inflammation,  or  some  metabolic  disturbance  of  a  more 
general  nature. 
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Figs.  35  and  36  illustrate  this.  They  were  drawn  from 
cases  of  chronic  mastitis.  The  former  represents  two  mammary 
lobules,  together  with  part  of  a  third,  the  intra-lobular  stroma 
of  which  had  proliferated  and  become  sclerosed,  producing  a 
striking  resemblance  to  a  fibro-adenoma  en  miniature.  These 
appearances  were  not  localised,  but  were  found  in  all  parts  of 
the  breast.  Unless  we  are  prepared  to  believe  that  practically 
every  lobule  of  this  organ  had  been  malformed  since  birth, 
and  that  the  general  fibrosis  has  had  nothing  to  do  with  the 
changes,  we  are  forced  to  admit  that  a  lesion  acquired  through 
the  accidents  of  life  can  and  does  bear  a  remarkablv  close  and 
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Fig.  36. 


Chronic  mastitis.     Mammary  lobule  resembling  intra- canalicular  fibro-adenoma. 

Magnif.,  85. 

highly   suggestive   resemblance   to   a   fibro-adenoma   or  mixed 
tumour. 

Fig.  36  represents  a  somewhat  different  condition.  Numer- 
ous cysts  are  seen  at  the  edges  of  the  drawing.  They  are  the 
remains  of  dilated  mammary  acini,  surrounded  and  separated 
from  each  other  by  a  diffuse  fibrosis  of  the  intra-  and  inter-lobular 
connective  tissue  of  the  breast.  The  centre  of  the  figure  is 
occupied  by  a  lobule,  whose  stroma  has  proliferated  and  given 
rise  to  a  loose,  oedematous,  "  myxomatous  "  granulation  tissue, 
which  has  compressed  and  elongated  the  secreting  tubules. 
Their  epithelium  has  proliferated  to  the  extent  of  keeping  pace 
with  their  elongation,  if  it  has  not  actually  exceeded  it.  This 
area,  which  is  quite  unencapsulated,  and  whose  loose  stroma 
extends  between  the  bundles  of  fibrous  tissue  at  its  periphery, 
bears    an    unmistakable    resemblance    to    an    intra-canalicular 
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fibro-adenoma  mammae.  It  was  the  only  one  of  its  kind  found 
in  this  breast.  I  have,  however,  seen  multiple  lobules,  whose 
structure  is  identical,  in  the  compressed  and  fibrotic  mammary 
tissue  at  the  periphery  of  a  large  encapsulated  fibro-adenoma. 
The  changes  become  less  marked  as  we  pass  outwards  from  the 
tumour,  and  the  altered  lobules  gradually  merge  with  normal 
tissue  at  the  edges  of  the  compressed  area.  Even  if  we  are 
inclined  to  assume  that  the  solitary  structure  in  Fig.  36  is  a 
congenital  malformation,  such  an  assumption  is  impossible  in 
the  second  case. 

Albrecht's^  definition  of  a  hamartoma  is  that  it  is  a  tumour- 
like malformation.  Its  essential  characteristic  is  an  abnormal 
mixture  of  the  normal  constituents  of  the  organ  in  which  it  is 
found.  The  anomaly  can  be  one  of  quantity,  arrangement, 
differentiation,  or  of  two  or  all  of  these  factors.  It  arises  in 
an  abnormal  mixture  of  tissues,  or  in  a  disturbance  of  their 
differentiation.  Albrecht  believed  that  nearly  all  the  hamar- 
tomata  owe  their  existence  to  a  disturbance  during  development, 
and  that  their  anlage  is  nearly  always  congenital,  even  when 
they  do  not  make  their  appearance  until  late  in  life.  He, 
however,  admitted  the  possibility  that  some  hamartomata  are 
formed  in  the  fully  developed  adult  organism.  He  included 
the  fibro-epithelial  tumours  of  the  breast  (the  peri-  and  intra- 
canalicular  fibromata,  as  he  named  them)  in  this  group  of 
tumour-like  malformations.  I  have  tried  to  show,  in  the  first 
of  these  studies,  that  these  new  growths  bear  a  close,  if  a 
distorted,  resemblance  to  the  mammary  gland.  The  structures 
depicted  in  Figs.  35  and  36  differ  from  them  in  no  essential 
detail.  Were  they  some  hundreds  of  times  as  large  as  they  are, 
they  would  be  passed  over  without  comment  as  a  fibro-adenoma 
and  an  intra-canalicular  fibro-adenoma  by  every  one.  I  regard 
them  as  early  stages  of  these  tumours,  as  the  "  germ  "  or  "  cell- 
rest,"  in  the  sense  of  Cohnheim's  theory,  out  of  which  a  hamar- 
toma can  grow.  They  are,  therefore,  themselves  hamartomata. 
There  is  no  valid  reason  whatever  why  an  unbiassed  observer 
should  consider  them  to  be  congenital  malformations ;  all  the 
evidence  shows  that  the  changes  of  chronic  mastitis  are 
responsible  for  their  presence.  They  are  malformations 
acquired  in  adult  life.  I  therefore  propose  to  extend  the  name 
of  "  malformation  "  to  these  and  to  similar  post-developmental 
anomalies.  To  limit  the  definition  to  a  structure  whose  origin 
can  be  proved  to  have  been  due  to  an  error  of  development* 
is,  in  my  opinion,  a  mere  juggling  with  words,   if  it   can   be 

*  It  is  often  not  as  easy  to  furnish  this  proof  as  the  writings  of  many  path- 
ologists would  lead  us  to  suppose. 


408      STUDIES    ON   TUMOUR   FORMATION 

shown  that  others,  with  identical  characters,  arise  in  the  fully 
developed  body. 

I  conclude,  therefore,  that  some  fibro-epithelial  tumours  or 
hamartomata  of  the  breast  owe  their  existence  to  a  post-develop- 
mental malformation  which  has,  in  turn,  resulted  from  the 
effects  of  an  inflammatory  or  other  pathological  lesion.  I  am 
prepared  to  extend  this  conclusion  to  adenomata  of  the  kidney 
{vide  Fig.  34)  and  to  similar  hamartomata. 

Far  be  it  from  me  to  wish  to  generalise,  or  to  attempt  to  prove 
that  all  hamartomata  and  adenomata  are  acquired  in  adult 
life.  On  the  contrary,  it  is  my  object  to  show  that  a  dual 
origin  is  possible,  and  that  they  occasionally  arise  in  cells  and 
tissues  whose  developmental  history  has  been  perfectly  normal.* 

The  next  phenomenon  I  wish  to  draw  attention  to  here  is 
one  that  is  frequently  met  with  in  chronic  ulcerations  and 
superficial  inflammations.  It  consists  of  an  increase  of  the 
physiological  tendency  of  every  lining  epithelium  to  cover 
naked  granulations  and  tissue  spaces  that  do  not  already  possess 
an  endo-  or  epithelial  covering.  The  epithelium  lost  on  the 
surface  of  an  ulcer  is  replaced  by  proliferation  of  the  cells  that 
have  survived  at  its  edges.  If  the  base  of  the  ulcer  is  smooth, 
the  epithelium  covers  it  in  a  single  sheet.  If,  however,  it  is 
occupied  by  granulations,  these  acquire  a  covering  of  their  own, 
which  dips  downwards  between  them,  branches  and  anastomoses 
where  they  are  in  contact,  and  often  extends  for  a  considerable 
distance  beneath  the  surface.  Appearances  not  unlike  those 
of  a  carcinoma  are  produced,  and  some  little  experience  is 
required  if  a  wrong  diagnosis  is  to  be  avoided.  Thus,  the  proli- 
feration of  the  cells  of  the  epidermis  in  tuberculous  lesions  of 
the  skin  and  mucous  membranes  is  sometimes  very  similar 
to  a  squamous  or  columnar  celled  carcinoma.  In  the  former 
condition  it  does  not  extend  deeper  than  the  granulation  tissue, 
and  never  shows  signs  of  infiltration,  nor  does  it  invade  the 
lymph  channels  that  possess  an  endothelial  lining. 

Fig.  37  represents  the  appearances  seen  in  a  case  of  chronic 
suppuration  of  the  lachrymal  duct  of  the  lower  eyelid  in  a  boy 
of  thirteen.  The  upper  part  of  the  drawing  corresponds  with 
the  wall  of  the  duct,  its  lower  part  is  the  edge  of  a  large  mass 
of  granulations  that  distended  its  lumen.  Healing  had  begun 
in  the  superficial  part  of  the  duct,  where  (in  the  left  half  of  the 
figure)  its  fibrous  wall  is  covered  by  a  thin  layer  of  granulations 
with  wide  capillaries.     They  are  lined  by  a  partly  macerated 

*  I  claim  no  more  than  was  done  at  one  time  (see  the  introductory  para- 
graphs to  Study  II.)  by  Ribbert.^ 
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squamous  epithelium,  which  dips  between  them  as  shallow- 
irregular  papillae.  In  the  deeper  parts  of  the  specimen,  where 
the  inflammation  was  more  recent  and  active,  the  wall  is  covered 
by  thick,  branched,  oedematous  granulations.  Every  one  of 
these  possesses  an  epithelial  covering,  which  is  branched  in 
accordance  with  its  contours,  and  often  appears  to  be  isolated 
in  the  section.  The  epithelium  docs  not,  however,  reach  the 
deep  surface  of  the  granulations.  Those  that  occlude  the  lumen 
of  the  duet  possess  a  similar  covering  of  squamous  epithelium. 

I  do  not  know  if  the  presence  of  squamous  epithelium  in  the 
lachrymal  duct,   whose  normal  lining  is   said  to  consist  of  a 


Fig.  37. 
Lachiymal  duct.     Extension  of  epithelium  between  granulations.     Magnif.,  90. 


ciliated  respiratory  mucous  membrane,  be  due  to  replacement 
of  the  latter  by  the  epidermis  of  the  eyelid,  or  to  an  alteration 
of  its  differentiation  (vide  infra)  induced  by  the  pathological 
environment.  Nor  does  this  matter  very  much,  since  the 
specimen  clearly  shows  that  the  squamous  epithelium,  once  it 
has  arrived,  forms  a  complete  lining  to  all  the  granulations. 
When  these  are  absorbed  as  healing  advances,  its  deep  processes 
disappear  likewise.  The  specimen  illustrates  a  hyperplasia  of 
the  physiological  fimction  of  squamous  epithelium  to  cover 
raw  surfaces,  which  depends  solely  upon  the  presence  of  granu- 
lations in  need  of  a  covering. 

It  is   possible,    of  course,   that   small   pieces   of  epithelium 
might  not  have  become  absorbed  during  the  process  of  healing, 
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had    this    not    been    surgically    interfered    with.     They    would 
then  have  persisted  as  minute  epidermoid  cysts. 

The  tendency  of  epithelial  cells  to  form  a  covering  to  raw 
surfaces  sometimes  leads  to  remarkable  results.  Meyer  '"  has 
described  an  inflammatory  stricture  of  the  sigmoid  colon,  the 
sinuses  of  which  were  lined  by  intestinal  epithelium.  Its  cells 
had  extended  through  the  wall  of  the  gut,  and  had  followed 
the  blood  vessels  into  the  root  of  the  mesentery  and  into  a 
lymph-gland.  Their  spread  was  continuous  in  the  tissue 
spaces  loosened  by  inflammation.  They  did  not  enter  the 
lymphatics,  although  the  latter  were  invaginated  by  columns 
and  tubules  of  epithelium.  Meyer  points  out  that  the  epithelium 
has  assumed  no  malignant  characters  in  this  case. 

3,  TJic  HcteromorpJioses  {Hetcroplasias). — In  a  recent  paper  '^ 
I  have  collected  a  number  of  anomalies  of  position.  They 
consist  of  normal  cells  joined  to  form  perfectly  normal  tissues, 
but  found  in  unusual  situations.  Some  of  them  are  congenital, 
or  at  least  developmental,  and  due  to  abnormal  differentiation 
of  the  cells  of  the  organ  in  which  they  are  found.  The  term 
"  heteroplasia  "  is  best  restricted  to  these.  They  have  been 
briefly  discussed  in  the  second  of  these  studies.  Others  arise 
in  originally  normal  tissues  in  a  number  of  pathological  states, 
most  of  which  are  associated  with  irritation  and  inflammation 
of  a  more  or  less  chronic  kind.  These  are  the  prosoplasias 
and  metaplasias  of  epithelium,  and  the  heterotopic  differ- 
entiations of  connective  tissue. 

A  prosojylasia  is  characterised  by  a  degree  of  differentiation 
in  excess  of  that  normal  for  the  organ.  Thus,  the  transitional 
epithelium  of  the  urinary  passages  is  a  squamous  epithelium, 
which  consists  of  only  a  few  layers  of  cells,  in  which  fibrillation 
is  not,  as  a  rule,  apparent,  and  without  traces  of  prickle-cells, 
of  keratohyalin,  or  of  keratinisation.  After  long-continued 
irritation,  however,  its  differentiation  can  advance  to  the 
production  of  a  typical  thick  rete  Malpighii  with  papillae  and 
prickle-cells,  a  stratum  granulosum,  and  a  stratum  corneum, 
with  keratohyalin  and  copious  keratinisation. 

When  an  epithelium  undergoes  metaplasia  its  cell  characters 
become  altered.  For  example,  the  columnar  epithelium  of 
the  cervix  uteri  is  converted  into  squamous  epithelium.  This 
metamorphosis,  which  is  infinitely  more  frequent  in  the  simple 
conducting  than  in  the  more  highly  organised  secreting  epithelia, 
is  an  atypical  regeneration  in  response  to  an  abnormal  environ- 
ment, since  it  requires  a  more  or  less  intense  and  long-continued 
proliferation  to  induce  it,  and  is  found,  apart  from  new  growths, 
in  chronic  inflammatory  lesions. 
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The  best  known  of  the  heterotojjic  differentiations  of  connec- 
tive tissue  is  the  formation  of  bone  in  calcified  necrotic  foci. 
These  act  hke  irritating  foreign  bodies  and  become  surrounded 
by  granulation  tissue,  which  absorbs  the  lime  salts.  The 
local  supersaturation  with  these  stimulates  the  lowly  organised 
young  fibroblasts  to  become  differentiated  into  bone  corpuscles 
and  to  deposit  a  bony  matrix,  instead  of  undergoing  differ- 
entiation into  connective  tissue  corpuscles. 

I  need  not  here  discuss  these  conditions  again  fully.  They 
teach  us  the  very  important  lesson  that  the  normal  degree 
and  direction  of  differentiation  of  the  cells  of  the  body  depends 
upon  their  site  and  environment,  as  well  as  upon  their  intrinsic 
capabilities.  If  the  environment  becomes  pathological,  the 
cells  even  of  the  fully  developed  adult  body  react  to  it  by 
alterations  of  the  extent  (prosoplasia)  or  the  direction  (meta- 
plasia) of  their  differentiation.  An  anomaly,  corresponding 
in  every  respect  with  a  so-called  error  of  de^'elopment,  arises 
in  fully  differentiated  tissues. 

The  extent  to  which  the  conversion  of  one  kind  of  epithelial 
cell  into  another  can  take  place  is  strictly  limited  and,  in  the 
adult  body  at  all  events,  does  not  go  beyond  that  of  columnar 
into  squamous  epithelium  and,  more  rarely,  vice  versa.  Even 
in  the  developmental  heteroplasias  it  is  confined  within  the 
potentialities  of  the  germinal  layer  and  of  the  organic  system 
to  which  a  tissue  belongs.* 

I  now  come  to  a  specimen  which  appears  to  occupy  a 
position  intermediate  between  a  simple  hyperplasia  and  a 
prosoplasia.  Fig.  38  represents  a  part  of  an  undescended  testis 
of  a  boy  of  ten.  The  seminal  tubules  present  an  immature 
appearance  which  corresponds  with  the  age  of  the  child.  At 
the  centre  of  the  figure  there  is  a  large  tubule,  which  has  been 
cut  across  twice.  It  is  in  a  state  of  active  spermatogenesis. 
To  its  left  there  is  a  group  of  interstitial  cells.  This  tubule  is 
the  only  one  of  its  kind  seen  in  the  sections.  Its  cells  have 
undergone  a  degree  of  differentiation  very  much  in  excess  of 
that  to  be  expected  at  the  corresponding  age,  and  especially 
in  an  undescended  organ.  It  represents  a  disturbance  of 
tissue  equilibrium  of  Ribbert,^  such  as  this  author  believed  to 
be  liable  to  excessive  and  blastomatous  proliferation,  and  to 
form  the  starting-point  of  a  malignant  new  growth.     In  the 

*  I  have  been  met  mth  the  objection  that,  if  heteromorphoses  occur,  there 
is  no  reason  why  the  liver  should  not  give  rise  to  ganglion  cells.  I  can  only 
answer  that  there  is  no  reason  at  all  that  I  can  see  why  it  should  not.  except 
the  unanswerable  one  that  it  does  not  do  so.  I  have  collected  certain  facts  in 
my  paper,  and  have  attempted  nothing  more  than  to  give  them  a  reasonable 
explanation. 
FF 
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present  instance  it  has  undergone  a  hyper-differentiation,  a 
change  in  the  opposite  direction.  This  tubule  would,  I  presume, 
have  been  the  last  of  all  those  in  the  testis  to  give  rise  to  a 
neoplasm,  since  differentiation  and  boundless  proliferation  are 
incompatible  with  each  other. 

4.  Traumatic  Epidermoid  Cysts. — When  a  piece  of  epidermis 
is  driven  into  the  body  by  means  of  a  blunt-pointed  instrument, 
it  occasionally  becomes  established  in  the  subcutaneous  tissue, 
and  survives  more  or  less  indefinitely.  Its  cells  proliferate 
and  become  differentiated  in  the  same  manner  and  at  approxi- 
mately the  same  rate  as  they  would  have  done  had  it  remained 


Fig.  38. 

Undescended  testis  of  boy  of  ten.     Tubule  wdth  active  spermatogenesis. 

Magnif.,  115. 

on  the  surface.  The  germinal  cells  of  the  rete  Malpighii 
constantly  produce  prickle-cells,  which  eventually  undergo 
keratinisation.  At  a  very  early  stage  after  implantation  a 
small  mass  of  dead  horny  cells  is  formed  on  the  side  of  the 
graft  opposite  to  its  germinal  layer.  It  acts  as  an  irritant  to 
the  fibroblasts  that  come  into  contact  with  its  free  surface. 
They  form  a  layer  of  granulation  tissue  over  it,  which  always 
contains  a  number  of  foreign-body  giant  cells,  whose  business 
it  is  to  ingest  and  to  remove  the  insoluble  flakes  of  horn.  A 
cavity  or  epidermoid  cyst,  as  it  is  called,  is  produced.  It  is 
filled  with  horny  flakes  and  debris,  and  is  only  partly  lined  by 
epithelium.  The  raw  granulations  that  are  in  contact  with 
the  rest  of  its  circumference  stimulate  the  epithelium  to  cover 
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them,  and  its  germinal  cells  therefore  spread  along  the  surface. 
They,  however,  constantly  undergo  physiological  differentiation 
and  give  rise  to  more  dead  horny  flakes.  These  accumulate,  and 
cause  an  enlargement  of  the  cavity  which  keeps  pace  with  the 
efforts  of  the  epithelium  to  surround  it.  A  vicious  circle  is 
set  up,  and  the  epithelial  lining  never  becomes  complete. 
This  is  well  shown  in  Fig.  39,  a  section  through  a  large  traimiatic 
epidermoid  of  the  pulp  of  the  finger.     It  agrees  in  this  respect 


Fig.  39. 

Traumatic  epidermoid  of  pulp  of  finger,  filled  with  desquamated  horny  flakes. 
Its  epithelial  lining  is  incomplete,  its  circumference  partly  surrounded  by  granu- 
lation tissue.  Semi-diagrammatic.  Rete  mucosum  black.  Stratum  lucidum  of 
epidermis  light  grey.     Stratum  corneum  dark  grey.     Magnif.,  5-3. 

with  the  complicated  ovarian  dermoids  or  teratomata,  whose 
origin  is,  of  course,  congenital. 

These  epidermoids  illustrate  the  fact  that  cells  that  have 
been  displaced  do  not  remain  dormant  or  tend  to  excessive 
growth.  Proliferation  and  differentiation  go  hand  in  hand, 
and  remain  within  strictly  physiological  limits. 

5.  Abno7'mal  Blc7idi7ig  of  Epithclia. — The  accessory  supra- 
renals  in  Figs.  24  and  25  (III.)  illustrate  the  fact  that,  when 
two  kinds  of  epithelium  come  into  immediate  contact  with 
each  other,   the  cells  of  each  proliferate  and  invade   those  of 
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the  other.  The  suprarenal  cells  have  grown  more  vigorously 
than  those  of  the  kidney,  many  of  whose  tubules  have  been 
completely  surrounded  by  them  (Fig.  24).  Since  these  cases 
are  developmental  anomalies,  due  to  displacement  of  suprarenal 
cortex,  it  might  be  argued  that  the  greater  amount  of  proli- 
feration exhibited  by  the  epithelium  of  the  suprarenal  is  due 
to  the  fact  that  it  has  been  displaced  at  an  early  period  of 
embryonic  life,  and  that  its  cells  have  therefore  acquired  a 
degree  of  independence  and  power  to  grow  at  the  expense  of 
others,  which  is  greater  than  that  of  normally  placed  tissues. 

Fig.   40  shows  that  this  is  not  true.     Here  the  liver  was 
cirrhotic   and  Glisson's  capsule  thickened  and  inflamed.     The 


Fig.  40. 

Adhesion  of  suprarenal  to  cirrhotic  liver.     Defect  of  GUsson's  capsule. 
'         Infiltration  of  each  other  by  the  two  epithelia.     Magnif.,  180. 


fibrosis  had  extended  to  the  capsule  of  the  right  suprarenal, 
where  it  lies  on  the  surface  of  the  liver,  and  had  produced  an 
abnormally  firm  imion  of  these  organs.  At  one  spot  Glisson's 
capsule  was  defective,  and  the  yellow  suprarenal  could  here 
be  seen  with  the  naked  eye  to  extend  for  a  short  distance  into 
the  brown  hepatic  tissue.  Fig.  40  represents  a  part  of  this  area. 
Here  the  suprarenal  cells  extend  into  the  liver,  with  whose 
epithelium  they  are  in  immediate  contact.  But  the  latter  has 
sent  three  prolongations  between  them,  all  of  which  project  to, 
and  even  slightly  beyond,  the  level  of  Glisson's  capsule,  sho^^4ng 
that  they  must  have  resulted  from  an  active  gro^\i:h  of  hepatic 
cells.  These  appearances  are  strictly  comparable  with  those 
in  Fig.  25  (III.),  and  prove  that  the  power  to  invade  strange 
epithelia  is  shared  by  the  cells  of  the  suprarenal,  liver  and 
kidnev. 
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A  very  similar  case  has  been  recorded  by  Oberndorfer.^  In 
a  syphilitic  child  of  fifteen  months  the  right  suprarenal  was 
firmly  attached  to  the  cirrhotic  liver  by  means  of  a  greatly 
thickened  capsule,  from  which  fibrous  septa  extended  into  its 
substance.  Atrophic  suprarenal  cells  were  found  in  the  capsule, 
and  between  it  and  the  parenchyma  of  the  liver.  He  believes 
that  groups  of  suprarenal  cells  were  displaced  by  the  traction 
exerted  by  the  newly-formed  fibrous  tissue,  and  that  they 
were  gradually  pressed  into  the  liver,  where  they  were  absorbed. 
In  Schmorl's  ^°  case  the  right  suprarenal  was  found  under  the 
capsule  of  the  liver.  It  was  invaded  by  bile-ducts  and  trabe- 
culae  of  hepatic  cells,  an  attempt  at  the  elimination  of  the 
foreign  body.  This  is  a  congenital  anomaly,  and  ought  therefore, 
perhaps,  not  to  be  mentioned  here. 

Since  an  epithelium,  in  certain  circumstances,  exceeds  its 
bounds,  the  conclusion  is  justified  that  there  is  a  mechanism  by 
which  its  excessive  growth  is  normally  checked  and  its  cells 
kept  within  certain  well-defined  limits.  It  suggests  that  a 
congenital  excess  of  tissue  can  be  due  to  other  causes  than  an 
abnormally  large  anlage  or  too  great  a  vital  energy  of  the  cells. 
The  restraining  influences  are  of  two  kinds,  general  and  local. 

Physiologists  teach  that  the  general  restraining  influences 
depend  upon  the  needs  of  the  body.  As  long  as  an  epithelium  is 
present  in  sufficient  quantity  adequately  to  perform  its  functions, 
its  cells  do  not  undergo  active  proliferation,  except  for  the 
small  amount  required  to  make  up  for  physiological  wear  and 
tear.  Should  a  great  part  of  it  be  destroyed,  the  cells  that 
survive  proliferate  and  regenerate  the  tissue.  An  example 
of  this  is,  as  we  have  seen,  the  formation  of  multiple  nodules 
of  hepatic  tissue  in  certain  forms  of  cirrhosis  of  the  liver. 
Very  much  the  same  kind  of  thing  takes  place  when  the  function 
of  an  epithelium  is  impaired.  Its  cells  proliferate,  that  the 
quantity  of  the  secretion  may  balance  its  poor  quality. 

The  local  influences  that  restrain  growth  concern  us  more 
closely.  They  appear  to  depend  upon  the  orderly  correlation  of 
epithelium  and  connective  tissue.  Ribbert  ^  has  pointed  out 
that  the  cells  of  the  epidermis  proliferate  when  the  superficial 
layers  of  the  cutis  are  loosened  by  inflammatory  exudate. 
This  is  equally  true  of  the  mucous  membranes. 

At  a  comparatively  early  stage  of  development  the  organs 
of  the  body  acquire  capsules,  which  inhibit  their  excessive 
growth.  The  epithelium  never  infiltrates  the  capsule  while 
the  latter  is  healthy.  It  is  only  after  it  is  loosened  by  inflam- 
mation that  the  epithelial  cells  extend  between  its  fibres. 
Should  the  capsule  become  defective,  the  parenchyma  of  the 
organ  bulges  into  and  enters  the  defect.  It  is  usually  shut  off 
and  its  unlimited  growth  prevented  by  the  formation  of  a  fresh 
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capsule  of  inflammatory  fibrous  tissue.  When,  however,  two 
different  epitheha  are  brought  into  direct  contact  through  a 
gap  in  the  capsule,  their  apposed  cells,  no  longer  separated 
from  each  other  by  connective  tissue,  exert  an  irritating  action 
on  each  other.  This  stimulates  them  to  proliferate  and  to 
attempt  to  remove  the  foreign  epithelium.  Schmorl  ^"  is  no 
doubt  correct  when  he  describes  the  invasion  of  the  suprarenal 
by  bile-ducts  and  liver  cells  as  a  foreign  body  reaction.  Usually 
the  cells  of  the  suprarenal  are  the  more  vigorous  of  the  two, 
and  are  therefore  victorious  in  the  struggle  that  takes  place. 
They  give  rise  to  an  accessory  organ,  whose  growth  continues, 
at  an  exceedingly  slow  rate,  it  is  true,  until  a  capsule  has  been 
formed  around  them. 

Fig.  40  is  instructive  from  another  point  of  view.  It  is  a 
typical  instance  of  infiltration,  such  as  is  seen  at  the  edges  of 
every  carcinoma,  where  invasion  of  neighbouring  epithelium 
takes  place.  The  tongue-like  extensions  of  the  hepatic  cells 
closely  resemble  the  familiar  processes  which  every  malignant 
new  growth  constantly  sends  outwards  into  the  available  tissue 
spaces.  The  cells  in  the  present  instance  are  far  more  typical 
in  appearance  than  those  of  a  carcinoma.  This  depends  upon 
their  infinitely  slower  rate  of  proliferation,  which  must  have 
been  very  slow  indeed.  Opinions  are  still  divided  if  the  cells 
of  blastomata  acquire  biological  characters  that  are  not  shared 
by  other  cells.  Ribbert  pointed  out  again  and  again  that  no 
new  qualities  are  assumed.  Our  specimen  shows  pretty 
conclusively  that  non-blastomatous  cells  possess  the  power  to 
infiltrate  their  surroundings.  It  differs  enormously  in  degree, 
but  not  at  all  in  its  fundamental  characters,  from  the  infiltra- 
tion of  malignant  new  growths. 

6.  Heterotopic  Lymph-nodes. — In  cases  of  carcinoma  of  the 
breast,  in  which  the  axillary  lymph-glands  have  been  extensively 
invaded  and  put  out  of  action  by  the  cells  of  the  ncAv  growth, 
the  formation  of  young  h^mph-nodcs  can  be  observed  around 
the  vessels  of  the  areolar  and  adipose  tissue  of  the  axilla.  The 
nodes  often  contain  germinal  centres.  Such  cases  are  instances 
of  regeneration. 

Lymph-nodes  with  germinal  centres  are  not  very  rare  in 
chronic  inflammations  of  various  parts  of  the  body.  They 
are  always  surrounded  by  a  diffuse  infiltration  with  lymphocytes, 
and  can  often  be  seen  to  be  connected  with  a  small  arterial 
blood  vessel.  Greggio,^  who  studied  them  in  the  kidneys  of 
rabbits  that  he  had  infected  with  Staphijlococcus  pyogenes 
aureus,  concludes  that  they  are  developed  from  the  adventitial 
cells  of  the  vessels. 
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The  thyroid  gland  is  a  favourite  site  for  new  formation  of 
lymphoid  tissue.     References  to  this  condition  are  numerous. 

The  fullest  of  these  is  in  a  paper  l)y  Simmonds,"  who  found 
lymph-nodes  in  75  per  cent,  of  exophthalmic  goitres,  in  15  per 
cent,  of  other  enlargements  of  the  thyroid,  and  in  a  small 
proportion  of  otherwise  normal  glands.  He  points  out  that 
they  are  very  rare  before  puberty,  and  that  they  are  therefore 
not  congenital.  He  concludes  that  they  are  caused  by  local 
irritation. 

I  have,  on  several  occasions,  seen  nuiltiple  isolated  lymph- 
nodes,  usually  with  definite  germinal  centres,  in  the  atrophied 
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Fig.  41. 
Heterotopic  lymphoid  tissue  in  thjToid.     Magnif.,  85. 

and  compressed  thyroid  tissue  surrounding  a  large  adenoma. 
Once  these  structures  were  present  in  an  exophthalmic  goitre. 
Fig.  41  represents  a  part  of  a  uniformly  enlarged  thyroid. 
One  lobe  was  removed,  and  presented  identical  microscopical 
changes  throughout.  There  is  a  dense  infiltration  with  lympho- 
cytes, in  which  a  few  atrophic  secreting  vesicles  remain. 
Numerous  lymph-nodes,  two  of  which  are  to  be  seen  in  the 
drawing,  are  scattered  about  everywhere.  Their  stroma  is 
hyaline,  and  the  larger  one  consists  entirely  of  a  germinal 
centre,  surrounded  by  a  ring  of  closely  packed  Ij'mphocytes. 
In  a  second  case,  in  which  a  small  piece  only  was  excised  for 
diagnostic  purposes,  the  structure  was  very  similar.  The 
infiltration  with  lymphocytes  is  present  in  the  form  of  sheets 
and  strands,   between  which  groups  of  small  thyroid  vesicles 
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have  persisted.  Lymph-nodes  with  large  germinal  centres 
are  very  numerous.  Both  cases  occurred  in  middle-aged 
women.  There  was  considerable  uniform  enlargement  of  the 
gland,  which  was  exceedingly  hard.  For  this  reason  malignant 
disease  was  suspected. 

There  can  be  no  doubt  that  this  infiltration  with  lympho- 
cytes is  a  part  of  a  chronic  inflammatory  reaction,  which  has 
proceeded  to  the  formation  of  nodes  and  germinal  centres. 
The  appearances  that  result  from  a  pathological  lesion  are 
almost  identical  with  those  of  the  developmental  anomalies 
discussed  in  Study  III.  This  close  resemblance  suggests  a 
similar  aetiology  for  some  of  the  latter.  They  may  be  the 
result   of  ante-natal  inflammation,    and   not   of  excess   of  the 


Fig.  42. 
Ei^ithelial  fat  cells  in  squamous  carcinoma  of  tongue.     Magnif.,  170. 

anlage  of  the  lymphatic  apparatus.*  I  regard  these  lymph- 
nodes  as  a  form  of  prosoplasia  of  the  heterotopic  lymphoid 
tissue. 

7.  Fatty  Changes  of  Epithelium. — The  histological  appearances 
seen  in  many  cases  of  extreme  fatty  infiltration  of  the  liver 
are  familiar.  The  epithelial  cells  are  occupied  by  drops  of  fat, 
that  coalesce  to  form  a  single  large  drop.  This  distends  the 
cell,  whose  body  is  reduced  to  a  narrow  ring  or  linear  membrane 
around  it.  The  nucleus  persists ;  it  is  flattened  and  often 
crescentic  in  outline,  and  pressed  to  the  periphery  of  the  cell 
by  the  globule  of  fat.  Were  it  not  for  the  presence  of  the 
portal  canals,  and  of  an  occasional  hepatic  cell  in  which  these 
changes  are  less  advanced,  it  would  be  impossible  in  extreme 

*  No  blood  disease  was  present  in  the  cases  described,  nor  did  the  tissues 
contain  evidence  of  tuberculosis. 
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cases  to  distinguish  such  an  altered  Hver  from  ordinary  adipose 
tissue. 

Fig.  42  illustrates  these  changes  in  an  epithelioma  of  the 
tongue,  other  parts  of  which  are  extensively  keratinised. 
Fibrillation  of  the  epithelium  is  evident  in  several  parts  of  the 
drawing,  and  indistinct  prickle-cells  can  even  be  made  out. 
Many  epithelial  cells  are  converted  into  typical  adipose  or 
"  signet  ring  "  cells.  Had  this  change  been  more  advanced, 
it  might  easily  have  become  impossible  to  distinguish  the 
papillae  of  this  epithelioma  from  lobules  of  adipose  tissue. 

It  is  not  my  present  purpose  to  discuss  the  vexed  question 
if  this  is  a  true  conversion  of  epithelium  into  adipose  tissue  or 
mesenchyme,  or  if  it  is  only  an  apparent  one.  The  answer 
depends  on  whether  it  is  possible  or  not  to  demonstrate  squamous 
characters  in  the  remains  of  the  cells,  and  on  whether  thc}^ 
can  return  to  their  original  condition.  What  I  wish  to  point 
out  is  this.  If  it  is  possible  for  the  cells  of  an  epithelioma  of 
the  tongue  to  "  mimic  "  adipose  tissue  so  closely  and  effectually, 
it  becomes  highly  probable  that  ordinary  young  connective 
tissue  cells  can  do  the  same,  and  undergo  differentiation  into 
true  adipose  tissue  in  parts  of  the  body  where  fat  does  not 
normally  occur.  Heterotopic  adipose  tissue  in  organs  like 
the  kidneys  is  therefore  not  necessarily  due  to  a  displacement 
of  lipoblasts  during  development,  but  may  legitimately  be 
explained  as  an  abnormal  or  heterotopic  differentiation  of 
the  connective  tissue  of  the  organ. 

A  host  of  tissue  anomalies  has  been  described,  which  are 
almost  invariably  thought  to  be  congenital.  The  evidence 
in  favour  of  this  view  is,  however,  as  invariably  found  to  be 
very  poor,  if  it  is  critically  examined.  This  review  of  tissue 
malformations  would  be  incomplete  if  they  were  not  mentioned. 

One  of  the  most  typical,  and  most  often  quoted  and  best 
known  of  these  is  the  famous  "  cell-rest  "  of  Bert  and  Fischer. ^ 

It  consists  of  a  branched  collection  of  small  epithelial  cells 
with  indistinct  outlines.  They  obviously  correspond  with 
those  of  the  rete  mucosum  of  squamous  epithelium.  There 
are  indications  of  palisade  cells  at  the  periphery  of  the  nodule. 
It  is  surrounded  by  scar  tissue  with  numerous  blood  vessels 
and  bundles  of  plain  muscle,  and  was  found  by  accident  in 
the  lung  of  a  man  of  sixty-seven.  The  authors  point  out  its 
similarity  to  a  non-keratinised  squamous  carcinoma,  and  that 
it  is  probably  non-malignant,  since  mitoses  are  absent,  and 
there  is  no  trace  of  an  inflammatory  reaction  at  its  periphery. 
Chiefly  on  account  of  the  presence  of  plain  muscle  they  regard 
it  as  a  congenital  epithelial  germ,  hardly  distinguishable  from 
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a  tumour.  They  dismiss  the  probabiHty  of  its  having  been 
acquired  as  a  result  of  an  old  inflammatory  lesion,  and  express 
the  opinion  that  metaplasia  is  only  to  be  considered  in  tumour 
formation  after  the  cell-rest  theory  has  failed. 

It  appears  to  me  that  the  only  thing  that  is  at  all  certain 
about  this  nodule  is  that  it  consists  of  squamous  epithelium. 
The  enthusiasm  with  which  it  has  been  greeted  by  subsequent 

writers,  w^hich,    to    do    them 

,.    •'     ,'''.^^  ''*-''/' '-        4-        I  V         justice,  Bert  and  Fischer  did 

■  '      '    >v'^. ;  ,,5ii'i''-'  ' //'['.  \'°/  \         not  fully  share,  is  quite  un- 

" ,  -     'flvW  "*   .    .  ■  warranted    by  the  merits  of 

/;^'','      ^.  '/:  4,  ^w     "•  '  the  case.     Bert  and   Fischer 

*. ',  -   <''\  .-  V  ^. '     ***'^  -        '        failed  to  show  that  it  is  not  a 

,.,^. V, .       '  '  fully  established  tumour,  from 

i        '•t/-t*l;.  °T«' <V»  ''^  '  which  certain  deductions  can 

Vp°\\'}^!s  ' .         *--  no  longer  be  drawn,  or  that 

♦?.'/.C"V'-'    '-'^  it    could    not    possibly    have 

'■y°~S'''}\^iif^'^^^*Q^\^I^^M,        ^^^^^^  acquired.     Why  should 

"^  .  \,'  ''''-'^S"'*'/'*^/  .'/   "''^^"^SKul        ^^^^  muscle  that  surrounds  it 

'^'<-/V' "\*v »"'  °  •  ^I^BMB        ^^^^^  have  resulted  from   pro- 


f>.    \  -   .v^ViKLt  ."-'o^t'l    -     '  '  lifcration    of  remains    of  the 

^  .."^ " • ..  '''^h-'' '  '  ■^'V  ' '       '  bronchial  muscularis  mucosce, 

.;           "  .•     /.-^    "'  "'^'^'''^      '  after   it   had    been   disorgan- 

{J^           '.-,  '•'/'.  '      '     ,C^  iscd      by     an     inflammatory 

fife            '  '., '  -'',         .  ;  f,  /.     '  ^  reaction  that  has  left  no  other 

b/^       '       *>   ','»'/*  i'V?|A'"  '  traces  behind  it?     Surely,  it 

'       e        "    :'  ,'  i'^^'MfJs'    ,    '  i''  ^^nt  logical  to  accept  meta- 

.                      Xv^*-'*!''  '^     '  plasia  of  epithelium  in  tumour 

';,                   "'       >~    -'  ;.-  formation  in  preference  to  the 

-  cell-rest  theory,   because  the 
former      condition     is      well 

^.  ,  ,      ,  "      *..,,.         .,.         known  to  occur  in  the  bronchi 

JNodule  oi  squamous  epithelium  within 

hak-follicle.    Magnif.,  130.  (I  bave  myself  seen  mstances 

of  it),  whereas  undoubted  cell- 
rests  in  an  adult  are  only  known  in  tuberous  sclerosis,  where 
their  presence  as  such  must  be  due  to  certain  specific,  but 
highly  unusual,  conditions.     The  case  proves  nothing. 

This  statement  applies  to  the  innumerable  tumours  in  general, 
and  the  carcinomata  in  particular,  that  are  assumed  to  have 
arisen  in  cell-rests  on  no  evidence  at  all.  Here  the  cell-rests 
are  purely  hypothetical,  since  they  have  grown  into  established 
tumours,  and  have  long  ceased  to  exist. 

Fig.  43  represents  a  malformed  hair-follicle,  that  was  found 
accidentally  in  the  lower  lip  of  a  man  of  sixty-two.  It  is  bent, 
its  papilla  is  small  and  atrophied,  and  the  dermal  iheca  folliculi 
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is  much  thicker  than  those  of  its  neighbours.  The  centre  is 
occupied  by  an  oval  nodule  of  large  squamous  cells.  They 
correspond  with  those  of  the  layer  of  prickle-cells.  Fibril- 
lation is  apparent  within  them,  and  keratinisation  has  begun. 
The  nodule  is  surrounded  by  a  ring  of  large  cells,  that  appear 
to  form  a  kind  of  germinal  layer  to  it.  This  is  clearly  a  case 
of  imperfect  differentiation.  Squamous  epithelium  has  been 
produced,  instead  of  the  flakes  that  constitute  the  hair.  I 
have  succeeded  in  tracing  this  follicle  in  serial  sections  that 
were  subsequently  cut  of  the  specimen.  It  passes  into  a  neck, 
which  is  occupied  by  a  dead  hair.  Had  this  anomaly  been 
found  in  an  infant  or  young  subject,  the  adherents  of  Cohnheim's 
theory  would  have  hailed  it  as  a  beautiful  cell-rest.  To  judge 
by  the  case  of  Bert  and  Fischer,^  those  are  not  wanting  who 
are  prepared  to  do  so  in  a  man  of  sixty-two.  But  in  my 
opinion  the  condition  is  clearly  due  to  a  disturbance  of  function 
caused  by  one  of  the  numerous  infections  to  which  the  skin 
and  its  appendages  are  liable. 

It  is  possible  that  the  pseudo  "  cell-rest  "  in  Fig.  43  might 
have  grown  slowly  to  six  or  eight  times  its  present  size.  In 
this  case  it  would  have  produced  atrophy  of  the  greater  part 
or  of  the  whole  of  the  follicle,  and  its  disappearance,  together 
with  that  of  its  neck.  It  would  now  be  isolated  beneath  the 
epidermis.  Again,  it  is  possible  that  it  might  have  formed  the 
starting-point  of  a  carcinoma.  This  would  at  first  have  been 
subcutaneous  and  quite  unconnected  with  the  epidermis.  Yet 
again,  it  is  possible  that  the  small  isolated  subcutaneous  carcino- 
mata  described  by  Borrmann^  may  have  had  a  similar  origin. 
There  is  no  imperative  need  to  assume  with  this  author  that 
they  cannot  possibly  have  originated  otherwise  than  in  a 
congenital  "  cell-rest." 

Conclusions 

Certain  anomalies,  that  arise  in  the  tissues  long  after  their 
development  has  been  completed,  are  in  every  way  comparable 
with  congenital  malformations. 

Because  of  this,  they  can  with  propriety  be  called  "  acquired 
malformations . ' ' 

They  fall  into  the  same  groups  as  the  congenital  malforma- 
tions, and  can  be  svibdivided  into  anomalies  of  bulk  and  of 
differentiation,  and  into  tliose  of  position  and  the  blending 
of  tissues. 

Their  aetiology  is  often  quite  clear  and  obvious.  Many 
of  them  are  reactions  to   pathological   conditions. 

This   interdependence   of  cause  and  effect   constitutes  the 
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strongest  evidence  in  favour  of  their  origin  from  cells  that 
were  previously  healthy.  It  renders  the  assumption  that  these 
cells  were  the  seat  of  a  constitutional  anomaly  unnecessary 
and  illogical. 

Their  close  similarity  with  congenital  anomalies  suggests 
that  the  latter  result  from  analogous  causes  :  from  a  patho- 
logical environment  and  not  from  a  vitium  jjrunce  jormaiionis. 

The  structural  similarity  of  certain  acquired  tissue  malfor- 
mations and  of  hamartomata  raises  the  question  if  it  is  necessary 
to  assume  the  presence  of  a  congenital  anomaly  for  all,  or 
even  for  the  majority  of  tumours,  in  accordance  with  Cohnheim's 
theory. 
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THE   UREA   CONCENTRATION   TEST 

By  HUGH  BARBER,  M.D.,  Physician  to  the  Derbyshire  Royal  Infirmary. 


A  FEW  notes  of  clinical  and  laboratory  findings  from  one 
who  has  no  claim  to  originality,  or  any  personal  bias  towards 
this  test,  may  be  of  general  interest. 

Since  first  reading  Maclean  and  de  Wesselow's  paper  in  the 
British  Journal  of  Experimental  Pathology  in  1920,^  I  have  used 
their  urea  concentration  test  more  or  less  as  a  routine  in  renal 
cases.  The  results  from  the  first  appeared  to  coincide  with 
the  clinical  conditions,  and  the  simplicity  of  the  test  was 
attractive. 

During  the  last  six  months  I  have  attempted  a  clinical 
criticism  of  the  test,  and  have  selected  all  the  cases  in  which 
it  appeared  that  the  test  would  be  interesting  and  of  which 
one  had  reasonable  grounds  for  estimating  the  condition  of 
the  kidneys  on  clinical  findings  or  personal  knowledge  of  the 
patient.  If  I  may  assume  that  the  clinical  opinions  have  been 
correct,  I  can  say  that  the  test  has  not  once  been  at  fault. 
These  notes  are  an  attempt  to  put  the  results  on  paper.  The 
cases  have  been  selected  carefully  for  this  investigation,  but 
none  have  been  rejected  after  the  test  has  been  performed. 
They  are  few  in  number,  being  only  the  notes  of  about  six 
months'  work,  but,  purporting  merely  to  confirm  the  work  of 
others,  are  enough  to  appear  worthy  of  record. 

II. — Technique 

The  patient  drinks  15  grammes  of  urea,  dissolved  in  100  c.c. 
of  water,  having  first  emptied  his  bladder.  At  the  end  of  one 
hour  and  again  at  the  end  of  the  second  hour  he  passes  urine. 
The  total  quantity  of  urine  passed  in  the  second  hour  is 
measured.  Both  specimens  are  tested  in  the  usual  way  for 
the  percentage  of  urea,  the  higher  reading  of  the  two  being 
taken  as  the  record  of  urea  concentration.  The  urea  sometimes 
causes  diuresis,  and,  if  more  than  120  c.c.  of  urine  is  passed  in 
the  second  hour,  the  result  may  be  fallacious  from  this  point 
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of  view.  The  best  time  for  the  test  is  in  the  early  morning; 
food  may  be  taken,  but  fluid  should  be  withheld. 

Where  the  kidneys  are  healthy  there  should  be  more  than 
2  per  cent,  of  urea  in  one  or  other  specimen,  probably  not  less 
than  2-5  per  cent.  There  appears  to  be  in  healthy  kidneys  a 
fairly  wide  range  of  variations  from  about  2-5  per  cent,  to 
over  4  per  cent,  in  some  cases;  and,  on  the  other  hand,  with 
diseased  kidneys,  although  readings  below  1-5  per  cent,  are 
obviously  bad,  it  may  not  be  possible  to  be  dogmatic  about 
intermediate  readings.  But  in  my  own  cases,  where  the  renal 
condition  has  been  more  or  less  stationary,  the  efficiency  of 
the  individual  patient  has  seemed  to  be  very  nearly  in 
accordance  with  the  result  of  this  test. 

There  does  not  seem  to  be  the  slightest  risk  that  the  urea 
will  do  the  patient  any  harm,  even  if  uraemia  is  present.  Maclean 
discusses  this  fully. ^  The  technique  of  this  test  has  been 
discussed  fairly  frequently  in  the  journals.  I  think  the  above 
routine,  which  has  been  adopted  here,  is  the  original  test  as 
published ;  ^  and  it  would  appear  to  be  efficient  and  practical. 

In  private  practice  the  test  is  almost  as  easily  carried  out  as 
in  hospital.  The  urea  can  be  put  up  in  15  gramme  packets. 
One  hundred  c.c.  is  equivalent  to  about  four  ounces,  which  the 
patient  can  measure  easily.  If  he  returns  the  specimens  in 
two  8-oz.  medicine  bottles,  the  quantity  of  urine  in  the  second 
hour  is  estimated  easily,  because,  if  the  bottle  is  appreciably 
more  than  half  full,  diuresis  has  occurred.  There  is  no  need  to 
flavour  the  urea,  and  none  of  my  patients  have  complained  of 
discomfort. 

'For  estimating  the  urea  percentage  Gerrard's  ureometer  is 
the  best ;  but  results  quite  reliable  can  be  obtained  with  a 
Doremus  apparatus,  or  one  of  its  modifications.  The  hypo- 
bromite  is  the  trouble  outside  a  laboratory,  because  it  does  not 
keep.  It  is  most  conveniently  made  freshly  by  adding  a  2  c.c. 
ampoule  of  bromine  to  about  25  c.c.  of  40  per  cent,  caustic  soda. 

Estimations  of  the  urea  in  the  blood  have  been  made  in 
many  of  the  cases ;  but  it  would  increase  the  scope  of  these 
notes  unduly  to  discuss  this  question.  The  blood  urea  is  the 
guide  to  diet.  Exceptional  cases,  in  which  a  high  blood  urea 
has  seemed  to  produce  a  fallaciously  high  reading  for  the  urea 
concentration  test  in  spite  of  diseased  kidneys,  have  been 
recorded.  In  the  limited  number  tested  in  this  hospital  such 
a  fallacy  has  not  been  met  with.  The  normal  figure  for  blood 
urea  is  usually  taken  as  something  between  25  and  40  milli- 
grammes per  100  c.c.  of  blood. 
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III. — Clinical  Classification  of  Cases 

A.  Non-Nephritic  Albuminuria. 

(a)  Functional  Albuminuria  of  Adolescence. 

(i)  A.  F.,  aged  17;  was  examined  for  some  service,  when 
albuminuria  was  discovered.  Urine  examined 
every  day  for  a  week  showed  trace  of  albumin  in 
all  afternoon  specimens  and  in  several,  but  not  all, 
specimens  passed  on  rising.  Blood  pressure  100 
m.m. ;  blood  urea  22  m.g.  per  100  c.c.  General 
health  excellent.  Urea  test  3-1  per  cent. 

(ii)  W.,  male,  aged  10;  pale  and  anaemic.  Afternoon 
urine  showed  trace  of  albumin,  but  three  morning 
specimens  were  normal.     Blood  pressure  100  m.m. 

Urea  test  3-3  per  cent. 
{h)  Cases  of  Leaky  Kidney. 

(i)  E.  J.  P.,  male,  aged  65;  was  refused  for  life  insurance 
twenty  years  ago  on  account  of  albuminuria.  I 
have  known  him  well  for  fifteen  years ;  he  has  had 
no  symptoms  of  renal  disease  and  leads  an  active 
life,  although  albuminuria  is  constant.  Blood 
pressure  140  m.m.  Urea  test  2-4  per  cent. 

(ii)  B.  S.,  male,  aged  49;  was  refused  for  life  insurance 
ten  years  ago.  I  advised  no  treatment.  He  had 
a  general  anaesthetic  for  anal  fissure  five  years  ago  : 
he  had  then  and  still  has  albuminuria.  Blood 
pressure  130  m.m.  Urea  test  2-8  per  cent. 

(iii)  C.  W.  L.,  male,  aged  50;  has  had  albuminuria  for 
three  years.  Good  general  health.  Blood  pressure 
130  m.m.  Urea  test  2-6  per  cent. 

(iv)  M.,  male,  aged  44;  tired  and  worried.  Albuminuria 
discovered,  but  no  other  signs  of  renal  disease. 
Blood  pressure  125  m.m.  Quite  Avell  after  a 
holiday,  but  albuminuria  still  present. 

Urea  test  2-6  per  cent. 

(v)  Mrs.  S.,  aged  55;  known  to  have  albuminuria  for 
several  years.  Seen  on  account  of  osteo-arthritis. 
No  signs  of  renal  or  cardio-vascular  lesion. 

Urea  test  4-1  per  cent. 

B.  Cases  of  Chronic  Renal  Disease. 

(i)  B.,  male,  aged  52 ;  arteriosclerosis ;  uraemic  and  very 
ill ;  albuminuria.  Blood  urea  190  m.g.  per  100  c.c. 
Diagnosis  :    interstitial  nephritis. 

Urea  test  0-8  per  cent. 

(ii)  H.  J.  R.,  aged  31;  albuminuric  retinitis;  wasting. 
Blood  pressure  220  m.m. ;  blood  urea  C9  m.g.  per 
100  c.c.  (after  being  dieted).  Diagnosis  :  inter- 
stitial nephritis.  Urea  test  1-5  per  cent. 
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(iii)  13.,  female,  aged  15;  marked  dropsy;  much  albumin 
in  the  urine.  Diagnosis  :  chronic  parenchymatous 
nephritis.  Urea  test  1-4  per  cent. 

(iv)  Mrs.  F.,  aged  48;  has  had  albuminuria  for  several 
years.  Blood  pressure  180  m.m.  five  years  ago. 
Chronic  ill  health  and  able  to  do  little.  Died  two 
months  after  test  was  taken. 

Urea  test  0-9  per  cent. 

(v)  Mrs.  H.,  aged  51 ;  has  had  albuminuria  for  fifteen 
years.  Blood  pressure  ten  years  ago  was  175  m.m. 
She  is  compelled  to  rest  most  of  the  twenty-four 
hours,  but  can  do  a  little  house  work.  Diagnosis  : 
interstitial  nephritis.  Urea  test  1-7  per  cent. 

(vi)  E.  E.,  male,  aged  48;  was  admitted  for  wasting. 
Investigated  at  first  as  an  abdominal  case;  urine 
free  from  albumin.  Eventually  albumin  discovered, 
and  headache  became  pronounced.  Blood  pressure 
180  m.m.     Diagnosis  :    interstitial  nephritis. 

Urea  test  1-2  per  cent. 

(vii)  B.,  male,  aged  62;  came  to  hospital  with  albuminuric 
retinitis.     Urine  contained  albumin. 

Urea  test  1-3  per  cent. 

(viii)  n.,  signs  of  phthisis,  with  chronic  nephritis  super- 
vening;   albuminuria  and  cedema. 

Urea  test  1-0  per  cent. 

(ix  to  xiii)  Five  Cases  of  Renal  Dzvarfism.  These  cases  all  came 
to  hospital  in  the  first  instance  for  recently  developed 
genu  valgum ;  they  all  have  albuminuria  and  are 
typical  examples  of  interstitial  nephritis  of  children 
or  adolescence,  associated  Avith  bone  deformity. 

(ix)  W.,  female,  aged  15;  genu  valgum  and  albuminuria. 

Urea  test  0-8  per  cent. 

(x)  C,  male,  aged  14;  genu  valgum  and  albuminuria. 
Blood  urea  202  m.g.  per  100  c.c. 

Urea  test  0-9  per  cent. 

(xi)  A.  F.,  female,  aged  21 ;  genu  valgum  and  albuminuria. 
Blood  urea  97  m.g.  per  100  c.c. 

Urea  test  0-75  per  cent. 

(xii)  C.  S.,  female,  aged  12;  genu  valgum  and  albuminuria. 
Blood  urea  154  m.g.  per  100  c.c. 

Urea  test  0-9  per  cent. 

(xiii)  I.  F.,  female,  aged  16;   genu  valgum  and  albuminuria. 

Urea  test  0-7  per  cent. 

C.  Cases  tested  to  exclude  Kidney  Disease.  None  of 
these  patients  had  clinical  signs  which  were  evidence 
of  kidney  disease ;  but  for  some  reason  or  other  renal 
disease  was  discussed. 
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(i)  C. ;  gastric  ulcer.  Kidney  disease  discussed.  Opera- 
tion successful.  '  Urea  test  3-0  per  cent. 

(ii)  Mrs.  F.,  aged  72;  arteriosclerosis;  signs  of  cerebral 
softening;  urine  normal. 

Urea  test  3-6  per  cent. 

(iii)  W.  R.,  aged  61;  pale  face;  signs  of  degenerated 
heart  muscle;  urine  normal.  Blood  pressure 
125  m.m.  Urea  test  3-8  per  cent. 

(iv)  Mrs.  S.,  aged  25;  anaemia  of  Addison  type.  Al- 
buminuria during  pregnancy  some  months  pre- 
viously.    Urine  normal  now  and  pulse  low  tension. 

Urea  test  2-5  per  cent. 

(v)  M.  S.,  female,  aged  16;  a  case  of  adolescent  knock 
knee.  Urine  normal.  Tested  by  way  of  contrast 
to  the  renal  dwarfs.  Urea  test  4-6  per  cent. 

(vi)  W.  J.,  male,  aged  26;  mitral  stenosis  of  rheumatic 
origin.  Trace  of  albumin  in  urine.  Blood  urea 
24  m.g.  per  100  c.c.  Urea  test  2-5  per  cent. 


IV. CON'CLUSIOXS 

It  will  be  seen  that  the  healthy  kidneys  have  excreted  about 
2-5  per  cent,  or  more  of  urea,  and  that  the  diseased  ones  have 
failed  to  excrete  so  much  as  2  per  cent. 

Although  it  is  often  fairly  easy  to  distinguish  the  non- 
nephritic  albuminuria  cases,  this  urea  concentration  test  is  of 
practical  value  in  helping  to  exclude  kidney  disease  with  con- 
fidence, more  especially  in  the  tyi3e  met  with  in  middle  age, 
which  I  have  included  under  the  heading  of  Leaky  Kidney,  a 
nomenclature  adopted  in  a  recent  discussion  at  the  Royal 
Society  of  Medicine. ^  The  excellent  health  of  the  two  men, 
who  have  had  albuminuria  for  ten  years  or  more,  is  attributable 
to  the  fact  that  one  has  had  the  courage  to  leave  them 
untreated. 

The  absence  of  albumin  at  certain  times  of  the  day  and  the 
clearing  up  of  the  albuminuria  in  some  cases  with  calcium 
lactate  are  useful  indications  in  albuminuria  of  adolescence : 
and  the  fact  that  some  of  the  older  patients  are  passing  more 
globulin  than  albumin  in  the  non-nephritic  condition  is  a 
valuable  aid  in  diagnosis,  but  the  urea  test  is  more  reliable. 

The  interstitial  nephritis  cases  recorded  above  have  been 
fairly  obvious  examples,  chosen  deliberately  to  estimate  the 
value  of  the  test.  But  case  (vi)  of  this  series  illustrates  the 
insidious  nature  of  the  condition  and  the  value  of  the  test 
under  such  circumstances,  because  he  was  sent  and  for  several 
days  considered  as  a  possible  case  of  malignant  disease  of  the 
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alimentary  canal.  The  urine  was  recorded  as  normal  when 
examined  on  arrival,  and  it  was  only  after  further  consideration 
that  the  high  arterial  tension  led  to  a  second  examination  of 
the  urine  and  the  urea  test,  with  a  result  of  1-2  per  cent.  One 
can  look  back  on  several  cases  in  which  this  test  would  have 
cleared  up  a  difficult  problem,  before  some  such  sign  as  retinal 
haemorrhages  gave  the  key  to  the  situation. 

The  renal  dwarfs  are  sometimes  very  obscure  cases  with 
insidious  onset,  of  which  I  have  made  notes  in  several  papers.'^ 
One  docs  not  know  at  how  early  a  stage  of  such  an  insidious 
condition  this  test  would  assist ;  but  the  readings  recorded  in 
these  notes  in  five  cases,  all  of  whom,  although  in  poor  health, 
are  getting  about,  are  a  further  indication  of  the  value  of  the 
test  in  diagnosis. 

In  acute  and  sub-acute  nephritis  the  results  of  the  urea  test 
are  in  accordance  with  the  clinical  signs.  In  any  individual 
case  the  percentage  of  urea  in  the  urine  after  the  test  increases 
as  the  patient's  condition  improves. 

In  the  toxaemias  of  pregnancy  the  test  has  proved  of  prac- 
tical value ;  and  the  limited  number  of  observations  made  here 
would  seem  to  coincide  with  the  results  recorded  by  de  Wesselow 
in  a  recent  paper. ^ 

A  number  of  prostate  cases  have  been  tested  by  the  urea 
concentration  test  and  by  estimation  of  blood  urea,  both  of 
which  are  now  used  as  a  routine.  .  No  doubt  clinical  experience 
is  the  best  guide  and  I  have  no  clinical  records  of  my  o^vn,  but 
my  colleague,  Mr.  F.  L.  A.  Greaves,  has  found  the  tests  very 
accurate  indications  for  prognosis  since  they  were  introduced  to 
this;  hospital. 

These  notes  are  from  the  physician's  point  of  view;  and  I 
believe  the  test  is  a  very  valuable  guide  in  diagnosis  and  prog- 
nosis. These  cases  were  selected  because  there  is  little  or  no 
clinical  difficulty;  but  in  doubtful  cases  it  has  proved  valuable 
in  diagnosis  and  I  believe  it  may  be  accepted  as  a  fairly  accurate 
test  of  renal  efficiency.  It  is  especially  useful  in  those  conditions 
in  which  renal  changes  are  common  but  not  necessarily  constant, 
— for  example  in  hyperpiesis.  A  good  result  with  the  urea  test 
and  a  normal  blood  urea  are  signs  that  the  prognosis  is  not 
very  bad,  even  if  the  sphygmomanometer  records  an  unduly 
high   reading. 

The  urea  in  the  blood  is  the  guide  to  diet  in  kidney  disease, 
and  its  estimation  has  made  the  whole  question  quite  a  scientific 
study,  explaining  the  value  of  a  high  protein  diet  in  the  drop- 
sical cases,  but  it  is  outside  the  scope  of  this  paper.  The  urea 
concentration  test,  however,  gives  indications  in  these  dropsical 
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parenchymatous  nephritis  cases,  in  which  the  urea  in  the  blood 
is  not  increased. 
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EPIGASTRIC   HERNIA 

By  ARTHUR  F.  HURST,  M.D.,  Physician,  and  J.  A.  RYLE,  M.D.,  Assistant 
Physician  to  Guy's  Hospital. 

As  long  ago  as  1743  Garengeot  ^  spoke  before  the  Academie 
royale  de  Chirurgie  on  the  digestive  symptoms  resulting  from 
epigastric  hernia.  In  spite  of  this,  very  little  attention  has 
been  paid  to  the  subject,  and  it  is  still  true,  as  Lucas  Cham- 
pionniere  ^  wrote,  that  "  there  are  few  lesions,  thanks  to 
their  small  size  and  slight  local  tenderness,  and  the  frequent 
obesity  of  the  patient,  which  more  readily  deceive  the  physician 
by  the  intensity  of  the  symptoms  they  may  cause."  We  owe 
most  of  our  knowledge  on  the  subject  to  the  investigations  of 
Kuttner  ^  in  Germany  and  Moschcowitz  *  in  New  York. 

Hernia  of  the  linea  alba  is  not  uncommon,  especially  above 
the  umbilicus,  when  it  is  called  an  epigastric  hernia.  It  varies 
in  size  from  a  pea  to  a  fist,  but  the  larger  sizes  are  always  situated 
close  to  the  umbilicus  and  are  perhaps  really  umbilical  hernias. 
The  linea  alba  above  the  umbilicus  is  perforated  by  numerous 
vessels,  which  carry  a  prolongation  of  the  transversalis  fascia 
with  them.  The  points  of  perforation  form  minute  weak  spots, 
and  any  increase  in  pressure  within  the  abdomen  may  force 
some  structure  through.  As  the  falciform  ligament  of  the  liver 
is  attached  just  to  the  right  of  the  middle  line,  and  as  it  contains 
fat  between  its  two  peritoneal  layers,  some  of  this  fat  may  be 
pulled  through  these  holes,  the  fat  of  the  hernia  not  being 
composed,  as  is  generally  believed,  of  omentum.  Owing  to  the 
inelastic  nature  of  the  linea  alba  the  hernia  are  rarely  large. 
In  every  case  the  fat  is  continuous  with  the  fat  of  the  falciform 
ligament  and  is  accompanied  by  a  vessel.  There  is  never  a 
distinct  hernial  sac.  They  are  thus  fat-prolapses,  and  not  true 
hernias.  The  latter,  however,  may  occur,  as  in  rare  cases  a 
fat-jDrolapse  may  become  sufficiently  large  to  pull  out  a  second- 
ary peritoneal  diverticulum;  the  hernia  in  this  way  may  even 
become  strangulated. 

Symptoms 

Men,  especially  of  the  working  classes,  are  more  often 
affected  than  women.     The  hernia  sometimes  develops  imme- 
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diately  after  rapid  loss  of  weight.  Thus  Boas  ^  says  it  is  not 
uncommonly  associated  with  cancer  of  the  oesophagus  and 
stomach.  The  symptoms  are  caused  by  dragging  on  the  fat 
and  peritoneum  of  the  falciform  ligament.  The  patient  com- 
plains of  eructation,  nausea,  and  occasionally  of  vomiting,  which 
may  be  the  only  symptom.  This  may  occur  only  in  certain 
positions  and  is  likely  to  disappear  on  lying  down.  There  is 
often  vague  discomfort,  and  sometimes  attacks  of  cramp-like 
pain  in  the  epigastrium.  Mhich  do  not  bear  any  constant  rela- 
tion to  food,  but  may  increase  or  diminish  after  it.  This  Avas 
formerly  believed  to  be  due  to  a  part  of  the  stomach  being  in 
the  hernia,  but  it  is  now  known  that  this  never  occurs.  It 
may  come  or  go  with  changes  of  posture  and  is  especially  likeh^ 
to  occur  after  vigorous  exercise. 

A  very  small  tumour  is  present  in  the  middle  line  between 
the  ensiform  cartilage  and  the  umbilicus,  which  often  expands 
later  towards  the  left ;  it  is  frequently  very  minute  and  difficult 
to  feel,  especially  in  the  obese.  It  may  be  seen  and  felt  most 
easily  Avhen  the  patient  is  standing.  It  is  often  irreducible. 
The  protrusion  itself  and  the  opening  through  M'hich  it  escapes 
are  invariably  very  tender,  which  is  an  important  point  in 
diagnosis.  Two  cases  have  been  described  in  which  no  tumour 
was  felt,  but  the  characteristic  symptoms,  and  especially  the 
local  tenderness,  were  present.  A  vessel  was  found  at  the  tender 
point  and  its  ligature  was  followed  by  a  cure  (Moschcowitz). 

Treatment 

The  fat  is  removed,  the  accompanying  vessel  ligatured,  and 
the  stump  pushed  back  through  the  hole  in  the  linea  alba,  which 
is  then  closed  without  opening  the  peritoneal  cavity. 

Case  1. — Severe  Digestive  Symptoms  caused  by  Epigastric  Hernia 

Captain  M.  consulted  me  in  December  1913  for  digestive 
symptoms,  which  had  begun  immediately  after  an  uncomplicated 
attack  of  enteric  fever  ten  years  before  in  South  Africa.  Previous 
to  this  he  had  been  perfectly  well.  He  complained  of  discom- 
fort and  a  feeling  of  distension  high  up  in  the  middle  of  the 
epigastrium,  which  was  worse  immediately  after  meals,  but 
never  disappeared  completely.  There  Mas  no  pain  or  vomiting, 
and  the  discomfort,  though  present  already  before  breakfast, 
never  woke  him  in  the  night.  It  never  radiated  through  to  the 
back  and  was  unrelieved  by  sodium  bicarbonate.  In  1909 
his  appendix  had  been  removed  for  these  symptoms,  and  he 
had  had  a  course  of  treatment  for  ulcer,  but  in  neither 
case   did   the    slightest   improvement   result.     He   was   always 


432  EPIGASTRIC   HERNIA 

better  whilst  resting,   and  the  discomfort  was  aggravated   by 
exercise. 

I  discovered  a  Httle  fatty  hernia  in  the  hnea  alba  in  the 
upper  part  of  the  epigastrium.  This  corresponded  exactly  with 
the  situation  of  the  pain  and  was  the  most  tender  point  of  the 
abdomen.  The  x-rays  showed  that  it  was  well  above  the  lesser 
curvature  of  the  stomach.  Mr.  F.  J.  Steward  removed  it,  and 
the  patient  obtained  complete  relief.  (A.  F.  H.) 


Case  2. — Small  Fatty  Epigastric  Hernia  with  Symptoms  suggesting 

Duodenal  Ulcer 

Joseph  C,  at.  52,  an  old  soldier,  presented  himself  at  medical 
out-patients  complaining  of  pains  in  the  epigastrium  which  he 
had  had  for  the  past  three  years  on  and  off,  but  which  had 
become  much  more  severe  during  the  past  six  weeks.  He 
experienced  the  pain  two  or  three  hours  after  food  and  had 
found  that  it  was  relieved  by  taking  food  or  hot  water.  He 
also  had  pain  nearly  every  night,  which  was  relieved  in  the  same 
way.  In  the  last  three  months  he  had  lost  about  two  stone 
in  weight.  Before  his  severe  pain  had  started  he  had  par- 
ticularly noticed  that  the  action  of  stooping  to  lace  his  boots 
induced  pain. 

Physical  examination  showed  a  well-built,  muscular  type 
of  man.  The  teeth  were  in  a  very  bad  state.  There  was  pain 
on  deep  pressure  in  mid-epigastrium  between  the  recti,  and 
careful  examination  in  this  region  revealed  the  presence  of  a 
small,  flat,  fatty  tumour,  which  seemed  to  transmit  a  slight 
impulse  on  coughing;  it  covered  an  area  about  equal  to  a 
halfpenny  in  size,  and  was  rendered  the  less  conspicuous 
by  reason  of  its  flatness.  The  knee  and  tendo-Achillis  jerks 
were  present  but  sluggish.  There  were  no  signs  to  suggest  a 
diagnosis  of  tabes  dorsalis.  The  blood  was  taken  for  a  Wasser- 
mann  reaction  in  view  of  certain  suspicious  inguinal  scars,  but 
a  negative  report  was  returned. 

The  faeces  obtained  at  out-patients,  (where,  however,  they 
can  never  be  regarded  as  very  reliable,)  gave  a  strongly  positive 
guaiac  test  and  a  blood  spectrum.  The  x-ray  report  after  a 
barium  meal  stated  :  "  No  definite  evidence  obtained  of  organic 
lesion  of  stomach  or  duodenum.  Hypertonic  type  of  stomach. 
The  spasticity  seen  in  the  neighbourhood  of  the  pylorus  is  often 
associated  with  lesions  of  the  biliary  tract."  Patient  failed  to 
swallow  the  gastric  tube.  After  the  mouth  had  been  cleared, 
patient  was  admitted  for  operation.  Mr.  E.  G.  Slesinger 
operated  and  removed  a  small  fatty  hernia  of  the  extra-peri- 
toneal fat  which  was  causing  traction  on  and  dimpling  the 
parietal  layer  of  the  peritoneum.  At  the  same  time  a  laparo- 
tomy was  performed,  but  no  signs  of  disease  of  the  stomach, 
duodenum,  appendix,  or  gall-bladder  being  observed,  the  abdo- 
men was  closed.     The  patient  experienced  no  further  symptoms 
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after  the  operation,  and  after  a  month's  convalescence  reported 
again  at  out-patients,  having  gained  a  stone  in  Aveight  and 
feehng  quite  well,   and  able  to  deal  with  his  food  normally. 

(J.  A.  R.) 

It  would  seem  probable  in  this  case  that  the  symptoms  were 
dependent  on  reflex  pylorospasm  due  to  irritation  of  the  parietal 
peritoneum,  akin  to  the  pylorospasm  encountered  in  some  cases 
of  appendicular  and  gall-bladder  disease.  The  case  also 
exemplifies  the  existence  of  reversible  reflexes  between  hollow 
viscera  and  the  parietes.  The  hyperalgesia  of  the  extra- 
peritoneal tissues  in  gastric  and  duodenal  ulcer  is  well  recog- 
nised, but  instances  of  increased  excitability  of  the  pyloric 
musculature  due  to  painful  stimulation  of  the  parietes  are  rare, 
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TWO   CASES    OF   TRAUMATIC  THROMBOSIS   OF 

THE    BRACHIAL    ARTERY    DUE    TO 

PRESSURE    OF   A   CRUTCH 

By  JOHN  RYLE,  M.D.,  Assistant  Physician,  Guy's  Hospital. 

With IX  a  space  of  three  months  two  cases  have  presented 
themselves  among  my  out-patients  showing  complete  oblitera- 
tion of  the  radial  and  brachial  pulses  on  one  side,  and  giving 
histories  which  left  no  reasonable  doubt  that  the  brachial  artery 
had  in  each  case  become  occluded  as  the  result  of  damage  due 
to  prolonged  crutch-pressure. 

While  musculo-spiral  injury  from  this  cause  is  well  recognised, 
arterial  damage  is  so  unusual,  and  at  the  same  time  likely  to 
prove  so  much  more  serious  in  its  consequences  to  the  patient, 
that  it  seemed  worth  while  placing  the  notes  of  the  tAvo  cases 
on  record.  They  should  certainly  serve  as  a  further  argument 
in  favour  of  employing,  wdiere  possible,  the  more  modern  crutch 
popularised  during  the  war,  in  which  arm-pit  pressure  is  wholly 
avoided. 

Case  1. — John  B.,  aged  61,  a  clock-repairer,  has  had  a 
completely  paralysed  right  leg  since  early  childhood,  probably 
as  the  result  of  anterior  poliomyelitis.  For  fifty  years  he  has 
used  a  right  crutch.  A  year  ago  he  began  to  notice  weakness 
and  aching  in  his  right  wrist.  Latterly  this  has  become  worse. 
While  using  the  crutch  the  right  forearm  and  hand  become  pale 
and  cold  and  very  painful,  and  Avhen  the  circulation  is  permitted 
to  return  by  relinquishing  the  crutch,  "  pins  and  needles  " 
sensations  are  experienced.  On  examination  just  after  arrival 
at  the  hospital  the  hand  and  fingers  were  "  dead  white  "  and 
cold.  There  was  no  pulsation  in  the  radial  or  brachial  arteries, 
and  the  latter  could  be  felt  as  a  hard  cord  of  about  the  thickness 
of  a  little  finger.  There  was  a  slight  degree  of  wrist-drop  and  a 
feeble  supinator  jerk  on  the  affected  side.  Blood-pressure  in 
the  left  arm  was  170  mm.  systolic,  and  80  mm.  diastolic.  The 
heart  showed  a  triple  rhythm  and  extra-systoles  were  frequent. 
While  under  observation  the  hand  became  flushed  and  pink 
again,  and  during  this  period  the  pain  was  obviously  very 
severe. 

In  this  case  the  age  of  the  patient,  the  blood-pressure  and 
other  cardio-vascular  signs  pointed  to  the  presence  of  arterial 
atheroma,  and  it  seemed  reasonable  to  suggest  that  the  artery, 
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which  had  borne  the  crutch-pressure  well  in  earlier  years  had 
finally  succumbed  to  the  combined  processes  of  sustained  trauma 
and  degenerative  disease. 

Case  2. — William  S.,  aged  35,  a  tailor,  had  infantile  paralysis 
at  the  age  of  two  years,  and  this  has  left  him  with  a  complete 
flaccid  paralysis  of  both  legs  and  great  deformities  of  the  triuik 
and  chest  wall.  He  has  used  crutches  for  as  long  as  he  can 
remember  and  is  quite  powerless  to  mobilise  without  them. 
He  states  that  the  left  crutch  has  always  taken  more  of  his 
weight  than  the  right.  He  complains  of  stabbing  pains  in  the 
left  forearm  after  using  the  crutches,  which  travel  up  to  the 
shoulder;  his  hand  then  becomes  white,  cold  and  useless. 
These  symptoms  have  been  present  for  one  week  only,  but  he 
has  noticed  them  in  slighter  degree  on  previous  occasions. 
Examination  shows  the-  left  hand,  and  particularly  the  thumb, 
to  be  paler  and  colder  than  the  right.  The  radial  and  brachial 
pulses  are  completely  absent,  and  in  fact  no  pulsation  below 
the  subclavian  can  be  felt.  There  is  no  muscular  wasting,  no 
drop- wrist,  and  supinator,  biceps  and  triceps  jerks  are  equal  on 
the  two  sides.  There  is  a  sub -ungual  whitlow  on  the  left  ring 
finger,  which  has  resisted  treatment  for  a  long  time.  The 
radial  artery  can  be  felt  as  a  small  cord.  Systolic  blood-pressure 
is  130  mm.  of  mercury  and  there  are  no  other  signs  of  cardio- 
vascular disease.  Patient's  general  health  in  other  respects  is 
good. 

In  this  case  the  trauma  seemed  to  be  the  only  obvious 
factor,  and  it  is  a  matter  for  speculation  wdiy,  after  so  long  a 
period  of  years,  the  artery  should  have  suddenly  succumbed. 

The  tragedy  in  each  case  was  the  same,  since  one  had  to 
advise  a  man,  Avhose  activity  and  livelihood  were  dependent 
on  his  power  to  move  himself,  to  abandon  the  only  means  of 
locomotion  which  he  possessed,  I  am  hopeful  that  after  a 
period  of  rest  it  may  be  possible  for  them  to  learn  the  use  of 
the  modern  type  of  crutch,  but  even  so  I  should  be  afraid  that 
the  muscular  effort  may  have  the  same  effect  on  the  circulation 
and  efficiency  of  the  arm,  which  is  seen  in  the  leg  in  sufferers 
from  intermittent  claudication.  I  should  mention  that  in 
neither  case  could  I  find  anything  to  suggest  the  presence  of  an 
aneurysm,  nor  were  there  any  signs  of  interference  with  the 
venous  return. 


CHRONIC   OBSTRUCTION   OF  THE  DUODENUM 

BY   THE   MESENTERIC   VESSELS    (CHRONIC 

DUODENAL   ILEUS) 

By  ARTHUR  F.  HURST,  M.D.,  Physician  to  Guy's  Hospital. 

It  is  now  generally  agreed  that  the  acute  dilatation  of  the 
stomach,  which  is  a  rare  complication  of  abdominal  operations 
and  of   various    acute   and   even    chronic    diseases,    is    due   to 

obstruction  of  the  third  part  of 
the  duodenum  by  the  superior 
mesenteric  vessels.  In  May  1914 
I  met  with  a  case  in  which 
chronic  obstruction  of  similar 
origin  appeared  to  be  present, 
and  a  year  ago  a  second  case 
came  under  my  observation 
(Fig.  1).  This  condition  has 
been  described  by  a  number  of 
American  and  French  authors, 
especially  by  Codman,  Stavely, 
Kellogg  and  Villette,  and  by 
Devine  of  Melbourne.  It  does 
not  appear  to  have  been  recog- 
nised in  Great  Britain  until 
Wilkie  published  a  paper  on 
"  Chronic  Duodenal  Ileus  "  in 
October  1921.  He  gives  an  ex- 
cellent account  of  the  condition 
from  his  observations  on  eleven 
cases,  which  he  had  recognised 
at  operation,  and  Lockhart  Mummery  has  this  year  described 
a  further  case. 

Etiology 

The  third  part  of  the  duodenum  is  normally  compressed  and 
narrowed  to  a  slight  extent  where  it  is  crossed  by  the  root  of 
the  mesentery.  The  degree  of  obstruction  must  be  increased 
in  visceroptosis  by  the  drag  of  the  dropped  intestines  on  the 
mesenteric  vessels.     This  cannot,  however,  be  the  only  factor, 
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Fig.  1. 

Diagram  of  Chi'onic  Duodenal 
Obstruction,  p.,  pylorus;  d.d.,  dil- 
ated duodenum;  M.V.,  mesenteric 
vessels  obstructing  the  duodenum ; 
CD.,  collapsed  duodenum  beyond 
obstruction. 
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or  the  condition  would  be  more  common  than  it  is  in  women 
with  weak  al^dominal  muscles,  and  there  was  very  little 
evidence  of  visceroptosis  in  the  first  of  my  cases.  The  con- 
genital factor  may  sometimes  be  excessive  mobility  of  the 
proximal  colon,  especially  if  it  becomes  associated  with 
constipation. 

Symptoms 

There  is  generally  a  history  of  indigestion  dating  from  child- 
hood. The  patient  complains  of  epigastric  discomfort,  which 
develops  directly  after  meals.  It  is  aggravated  in  the  erect 
position  and  on  exertion,  and  is  relieved  on  lying  down.  There 
is  often  much  complaint  of  flatulence,  which  is  more  due  to 
aerophagy  than  to  gastric  fermentation.  Sometimes  "  bilious 
attacks  "  with  pain,  nausea,  and  vomiting,  which  are  followed 
by  improvement  in  the  digestive  symptoms  lasting  for  several 
days,  occur  periodically. 

When  the  pain  is  present,  the  epigastrium  is  full  and  tender, 
especially  over  the  duodenum;  this  can  be  demonstrated  very 
clearly  if  the  patient  is  palpated  under  the  screen  during  an 
x-ray  examination  after  a  barium  meal. 

In  my  two  cases  a  definite  diagnosis  was  made  with  the  aid 
of  the  x-rays  before  operation.  As  Wilkie  points  out,  the 
obstruction  may  be  intermittent,  so  that  an  x-ray  examination 
made  during  an  interval  of  freedom  from  symptoms  might  show 
nothing  abnormal.  This  is  another  example  of  the  errors  which 
may  arise  from  drawing  conclusions  from  negative  results  of 
investigations  into  digestive  cases  carried  out  during  a  quiescent 
period. 

Complications 

Duodenal  stasis,  resulting  from  obstruction  by  the  mesen- 
teric vessels,  must  predispose  to  the  development  of  a  duodenal 
ulcer,  if  the  other  conditions  necessary  for  its  formation  are 
present.  It  is,  therefore,  not  surprising  that  a  duodenal  ulcer 
was  found  in  three  out  of  Wilkie's  eleven  cases.  In  some 
cases  the  violent  peristalsis  in  the  dilated  duodenum  causes 
the  pylorus  to  become  incompetent,  so  that  the  contents  of  the 
stomach  and  duodenum  flow  freely  into  each  other.  The 
gastric  stasis,  which  is  associated  with  the  duodenal  stasis  when 
this  occurs,  must  favour  the  development  of  a  gastric  ulcer, 
and  one  was  found  in  one  of  Wilkie's  cases. 

If  a  gastro-enterostomy  is  performed  for  an  ulcer  in  the 
presence  of  unrecognised  chronic  obstruction  of  the  duodenum, 
a  vicious  circle  is  likely  to  develop,  as  Wilkie  has  pointed  out. 
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It  is  possible  that  the  greater  frequency  of  acute  dilatation  of 
the  stomach  after  operations  on  the  gall-bladder  than  after 
other  abdominal  operations  may  be  due  to  acute  dilatation 
developing  on  the  top  of  chronic  oljstruction  of  the  duodenum, 
"which  must  predispose  to  infection  of  the  biliary  tracts. 

Treatment 

Treatment  by  posture  and  the  use  of  an  abdominal  support 
may  lead  to  complete  recovery,  as  in  my  first  case.  In  my 
second  case  improvement  was  only  temporary.  Under  these 
circumstances  a  duodeno-jejunostomy  should  be  performed,  in 
order  to  drain  the  dilated  and  obstructed  duodenum  into  the 
jejunum  beyond  the  obstruction.  This  operation  was  first 
performed  by  Staveley  in  1908  and  was  used  by  Wilkie  in  five 
of  his  cases.  A  gastro-enterostomy,  though  successful  in  Mum- 
mery's case,  is  not  so  obviously  indicated,  as  unless  the  pylorus 
is  incompetent,  the  duodenum  will  not  be  drained,  and  with  a 
duodeno-jejunostomy  there  is  no  possibility  of  a  vicious  circle, 
or  of  such  complications  as  intestinal  dyspepsia,  diarrhoea, 
and  gastro-jejunal  or  jejunal  ulcers  developing.  The  dilated 
duodenum  is  always  found  at  operation  to  be  hypertrophied 
and  is  in  marked  contrast  to  the  remaining  portion  of  the  third 
part  of  the  duodenum  and  the  jejunum,  which  are  thin-walled 
and  collapsed. 

Case  1. — Chronic  Obstruction  of  the  Duodenum  by  the  Mesenteric 
Vessels  :    Recovery  following  Postural  Treatment 

Mr.  C,  aged  37,  had  had  two  or  three  attacks  a  year,  for  the 
last  five  years,  of  violent  pain  in  the  umbilical  region,  unaccom- 
panied by  vomiting  or  pyrexia.  When  I  first  saAV  him  in  May 
1914,  the  attacks  lasted  about  a  week,  the  pain  being  present 
all  day,  but  he  was  relieved  for  about  half-an-hour  by  drinking 
a  little  milk.  It  also  disappeared  rapidly  on  lying  down,  and 
was  consequently  never  present  during  the  night.  An  attack 
was  particularly  likely  to  develop  after  a  period  of  physical 
over-exertion,  especially  if  accompanied  by  worry. 

The  patient  had  feeble  abdominal  muscles  and  a  somewhat 
pendulous  abdomen,  but  nothing  else  abnormal  was  found  on 
physical  examination.  The  x-rays  showed  that  the  stomach 
emptied  itself  with  considerable  rapidity,  but  Avas  otherwise 
normal  in  every  way.  The  duodenum  was  slightly  dilated  and 
there  was  obvious  difficulty  in  passing  through  the  duodenum 
when  it  crossed  the  middle  line  (Fig.  2).  This  was  at  once 
overcome  by  raising  the  stomach  by  means  of  the  hand  placed 
so  as  to  support  the  lower  part  of  the  abdomen,  and  also  on 
lying  down. 
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I  diagnosed  the  condition  as  chronic  obstruction  of  the 
duodenum  by  the  mesenteric  vessels,  this  being  only  present 
in  the  erect  position  when  the  vessels  would  be  dragged  upon 
by  the  dropped  small  intestine.  The  patient  was  taught 
abdominal  exercises  and  given  an  abdominal  support.  He  was 
advised  to  lie  down  and  take  a  little  milk  immediately  he 
thought  an  attack  was  about  to  develop. 

As  a  result  of  this  treatment  his  symptoms  disappeared. 
He  served  during  the  war  in  Mesopotamia  and  has  remained 
in  the  best  of  health  up  to  the  present  time. 


Fig.  2. 
Duodenal  obstruction  by  mesenteric  vessels. 

Case  2. — Chronic  Duodenal  Obstruction  by  Mesenteric  Vessels  : 
Duodeno-J ejunostomy  :   Recovery 

Miss  W.,  aged  29,  had  had  a  tendency  to  pain  in  the  epigas- 
trium for  as  long  as  she  could  remember.  In  1914  she  developed 
pain  in  the  right  iliac  fossa,  which  disappeared  together  with  her 
epigastric  pain  after  her  appendix  was  removed  in  1916.  The 
epigastric  pain  returned  in  July  1916,  after  a  period  of  consider- 
able physical  fatigue.  The  pain  was  now  almost  constant  during 
the  day  and  was  often  associated  with  nausea,  but  no  actual 
vomiting.  Improvement  always  occurred  after  a  short  rest  in 
bed;  an  abdominal  support  gave  no  relief.  I  first  saw  her  in 
August  1921.  She  had  lost  a  stone  in  weight  in  the  last  two 
years.  The  pain  had  never  had  any  definite  relation  to  food,  but 
it  was  ahvays  aggravated  by  standing  and  fatigue  and  relieved 
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by  lying  down.  The  x-rays  showed  that  her  duodenum  was 
greatly  dilated,  apparently  as  a  result  of  obstruction  where  it  is 
crossed  by  the  mesenteric  vessels.  Violent  peristalsis  was 
observed  which  moved  the  contents  of  the  duodenum  rapidly 
backwards  and  forM^ards,  but  the  whole  of  the  opaque  meal 
had  passed  out  of  the  stomach  and  duodenum  within  five  hours. 
The  duodenum,  when  visualised  with  the  x-rays,  was  found  to  be 
very  tender.  I  diagnosed  obstruction  of  the  duodenum  by  the 
mesenteric  vessels,  and  postural  treatment  was  tried  together 
with  the  use  of  an  abdominal  support.  After  temporary 
improvement  the  condition  relapsed,  and  in  March  1922  an 
operation  was  performed.  The  duodenum  was  found  to  be 
dilated  and  congested,  but  no  ulcer  was  present.  It  was  clear 
that  it  had  been  obstructed  by  the  mesenteric  vessels  when  the 
erect  position  was  assumed.  A  duodeno-jejunostomy  was 
performed  by  Mr.  Taunton  of  Chatham.  Complete  relief 
followed,  and  when  seen  in  July,  1922,  the  patient  felt  perfectly 
well,  and  the  x-rays  showed  that  the  contents  of  the  duodenum 
now  flowed  freely  into  the  jejunum,  although  the  duodenum 
was  still  somewhat  dilated. 
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FIVE   CASES    OF  PERFORATION   OF   THE 
LARGE   BOWEL 

By  W.  H.  BOWEN,  M.S.,  Assistant  Surgeon  to  Addenbrooke's  Hospital, 

Cambridge. 

The  five  cases  reported  below  are  not  rarities,  for  they  may 
very  well  be  met  as  emergencies  in  the  practice  of  any  surgeon, 
but  they  are  somewhat  out  of  the  ordinary.  They  were  con- 
sidered as  of  especial  interest  at  the  time  they  were  seen,  and 
are  alike  in  that  in  all  of  them  there  was  perforation  of  the 
large  bowel;  in  one  case  this  was  from  injury,  in  the  other 
four  from  disease.  The  cases  are  reported  in  their  order  of 
incidence. 

Case  1. — Rupture  of  a  Stercoral  Ulcer  of  the  Pelvic  Colon 

On  October  6,  1917,  near  on  midnight  a  medical  practitioner 
in  the  town  asked  me  to  see  an  abdominal  emergency,  which  he 
said  called  for  immediate  surgical  interference.  As  we  went 
to  the  case  I  was  given  the  history  that  that  same  afternoon 
at  4  p.m.  the  patient,  a  woman  of  middle  age,  had  been  taken 
with  sudden  alDdominal  pain.  The  onset  of  the  pain  was  asso- 
ciated with  vomiting.  The  attack  was  sudden  and  inexplicable. 
It  was  countered  by  the  universal  domestic  panacea  for  abdominal 
pain — a  dose  of  castor-oil.  This  was  retained.  Hot-water 
bottles  and  the  recumbent  position  failed  to  relieve,  but  it  was 
not  until  night  was  advancing  without  relief  that  the  doctor 
was  sent  for.  He  wasted  no  time,  but,  realising  the  gravity 
of  the  position,  came  at  once  for  me.  When  we  saw  the  woman 
together,  she  presented  the  picture  of  an  acute  abdomen  due 
to  the  rupture  of  a  viscus.  The  abdominal  wall  was  rigid 
all  over,  the  liver  dullness  had  gone,  distress  and  foreboding 
were  written  on  her  face.  The  pain  was  complained  of  chiefly 
on  the  left  side  of  the  abdomen,  and  this  side  was  more  tender 
on  attempted  palpation.  There  was  relative  distension  of 
the  sub-umbilical  part  of  the  abdomen.  The  patient  said  that 
this  had  been  noticed  for  a  week. 

When  we  attempted  to  localise  the  lesion  we  met  with 
absolute  negatives.  No  history  of  indigestion,  vomiting, 
melaena,   previous   colic,   jaundice  or  of  any   other  abdominal 
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symptom  or  sign  was  forthcoming.  In  the  course  of  inquiry 
the  question  of  constipation  was  raised,  but  was  denied  at  the 
time. 

Immediate  operation  was  advised  and  removal  to  a  nursing 
home  carried  out  without  delay.  Here  the  abdomen  was 
opened  on  the  assumption  that  most  probably  we  w^ere  dealing 
with  a  perforated  duodenal  ulcer.  When  the  peritoneum 
was  incised  brown  fluid  poured  out  in  great  quantities,  and 
there  was  that  local  congestion  which  one  associates  with  a 
perforated  ulcer  of  the  stomach  or  duodenum,  and  at  first  we 
felt  quite  convinced  that  this  was  the  explanation  of  the  attack. 
But  after  a  cursory  examination  of  the  stomach  and  duodenum 
had  failed  to  reveal  any  perforation,  the  anaesthetist  said  that 
there  was  a  definite  faecal  smell  present,  and  he  thought  it  came 
from  the  fluid  which  had  poured  out  of  the  abdomen.  This 
was  so,  and  on  the  strength  of  the  observation  the  hand  was 
passed  down  to  the  lower  abdomen,  where  free  faecal  material 
was  found.  The  incision  was  prolonged  downwards  and  a 
hole  found  in  the  pelvic  colon,  which  was  brought  to  the  surface 
through  a  separate  opening  in  the  left  iliac  fossa,  and  a  colostomy 
established.  The  abdomen  was  cleansed  as  far  as  possible 
and  drained,  but  every  one  felt  that  the  condition  was  hopeless. 
Death  occurred  next  morning  about  ten  and  a  half  hours  after 
operation.  There  was  no  post-mortem.  In  the  hurry  of  the 
operation  and  the  shock  of  the  finding,  I  failed  to  get  a  suffi- 
ciently accurate  and  permanent  picture  of  the  condition  of  the 
pelvic  colon  at  the  time  of  operation  to  speak  with  any  confidence 
as  to  what  the  condition  of  the  bowel  wall  was.  We  took  it 
for  granted  at  the  time  that  we  were  dealing  with  a  case  of 
stercoral  ulcer.  The  opening  in  the  bowel  was  not  a  clean 
punched-out  type  of  opening,  such  as  is  commonly  found  in 
the  stomach  or  the  duodenum,  but  was  more  irregular,  and  the 
fact  that  bits  of  faecal  material  were  free  in  the  abdomen  shows 
that  it  was  of  some  size.  When  first  recognised,  an  attempt 
was  made  to  close  it  in,  but  the  stitches  tore  through,  and  as 
my  assistant,  an  experienced  man  used  to  assisting  at  operations, 
said,  "  the  bowel  wall  was  rotten."  At  the  same  time  there 
was  no  pericolitis,  no  adhesions,  no  diverticulitis  and  no  clear 
suggestion  of  a  local  gangrene  or  a  diffuse  infiltration  of  the  gut 
wall.  Save  for  the  local  lesion  where  th^  margin  of  the  gut  was 
thin,  friable,  and  easily  torn,  the  pelvic  colon,  beyond  its  con- 
gestion associated  with  the  general  peritonitis,  presented  no 
sign  of  any  disease.  The  gut  was  handled,  so  that  diverticulitis 
and  neoplasm  can  be  excluded.  There  was  no  history  pointing 
to   colitis,   and  no   foreign   body   was   found.     The   possibility 
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that  a  foreign  body  was  the  cause  of  the  disaster  cannot  be 
exchidcd,  but  points  against  such  an  explanation  are  that 
the  opening  in  the  gut  wall  was  ragged  rather  than  clean  cut, 
and  that  the  abdomen  was  well  mopped  out  and  nothing  foiuid 
solid  in  character  save  faecal  material  and  orange  pips.  Further- 
more, when  one  thinks  of  the  frequency  with  which  foreign 
bodies  are  accidentally  swallowed  and  the  unconcern  with  which 
the  experienced  practitioner  views  such  an  accident,  especially 
in  contrast  to  the  domestic  agitation,  one  realises  the  rarity 
with  which  such  an  event  is  followed  by  disaster.  Again,  if 
perforation  by  a  foreign  body  does  take  place,  one  would  expect 
it  to  occur  higher  up  than  the  pelvic  colon,  and  to  be  rather  of 
the  nature  of  a  localised  perforation  than  immediate  perforation 
into  the  general  peritoneal  cavity.  This  is  the  teaching  of 
experience. 

What  is  the  evidence  for  a  diagnosis  of  perforation  of  a 
stercoral  ulcer?  It  is  scanty.  There  was  probably  constipa- 
tion, despite  the  denial,  for  the  transverse  colon  contained  much 
faecal  material  in  lumps,  although  there  was  no  evidence  of 
any  csecal  distension.  Again,  her  medical  attendant  afterwards 
told  me  that  he  had  attended  her  in  the  past  for  certain  vague 
pains,  which  he  thought  were  due  to  some  auto-intoxication, 
and  which  before  this  catastrophe  he  had  suspected  might  be 
due  to  absorption  from  the  bowel,  there  being  no  evidence 
of  any  other  source  of  poisoning.  On  the  other  hand,  she  had 
no  sallowness  or  muddiness  of  complexion,  her  tongue  was  clean 
and  moist,  and  she  gave  no  history  of  indigestion  or  flatulence, 
the  common  accompaniments  of  chronic  constipation.  Further- 
more, the  only  cases  of  perforation  of  stercoral  ulcers  which  I 
have  seen  have  been  in  patients  suffering  from  intestinal  obstruc- 
tion, have  been  caecal,  and  in  the  last  stages  of  obstruction. 
In  this  case  a  rectal  examination  made  previous  to  operation 
did  not  show  a  loaded  rectum,  and  it  could  not  be  said  that  at 
the  time  of  operation  the  pelvic  colon  was  distended,  but  how 
much  faecal  material  had  been  extruded  into  the  general  peri- 
toneal cavity  it  is  impossible  to  say. 

The  perforation  may  have  resulted  from  an  ulcerative  process 
lasting  some  days,  with  gradual  destruction  of  the  separate 
coats  of  the  bowel,  or  it  may  have  been  due  to  a  local  patch  of 
gangrene  involving  all  the  coats  of  the  bowel  at  the  same  moment 
owing  to  the  blocking  of  a  vessel  from  thrombosis.  On  the 
whole  I  am  inclined  to  the  latter  view.  It  would  explain 
the  acuteness  of  the  attack  and  the  failure  to  localise.  Further- 
more, there  is  no  need  to  invoke  the  serious  degree  of  preceding 
constipation  which  one  associates  with  a  stercoral  ulcer.     The 
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following  case  of  acute  localised  gangrenous  perforation  of  the 
caecum  shows  that  such  a  lesion  can  occur,  although  it  is  rare 
in  the  case  of  the  bowel.  Whether  such  a  case  can  be  compared 
with  some  cases  of  perforation  of  acute  ulcers  of  the  stomach 
remains  a  matter  of  speculation.  It  would  not  be  wise  to  attempt 
any  comparison  with  gangrenous  patches  in  the  appendix, 
which  are  rather  comparable  to  the  stercoral  ulcers  of  intestinal 
obstruction  or  the  gangrene  of  mesenteric  embolism. 

Case  2. — Perforation  of  the  Ccecum  in  an  attack  of  Appendicitis 

An  unmarried  lady  of  27,  said  to  be  suffering  from  gastric 
ulcer,  after  a  night  of  abdominal  pain  and  diarrhoea  was  at 
7  a.m.  taken  with  acute  pain  in  the  right  iliac  region  more  severe 
than  any  she  had  ever  suffered  from  before.  I  saw  her  at  10  a.m., 
when  she  appeared  to  be  in  great  pain,  which  she  said  was  prac- 
tically all  over  the  abdomen,  but  the  abdominal  rigidity  was 
definitely  right-sided  with  a  point  of  maximum  tenderness 
just  above  and  internal  to  the  anterior  superior  iliac  spine. 
The  rigidity  was  not  absolute,  for  the  abdomen  was  inclined 
to  relax  if  the  examination  was  persisted  in.  Pulse  was  about 
70,  and  temperature  99* 4°. 

She  w^as  moved  into  a  nursing  home,  and  at  12.30  p.m.  I 
explored  the  abdomen  with  a  provisional  diagnosis  of  a  leaking 
duodenal  ulcer.  I  was  influenced  by  her  statement  that  she 
was  shortly  to  be  operated  on  for  gastric  ulcer  on  her  return 
home  to  the  south  of  England.  In  the  caecum  was  a  perforation 
about  the  size  of  a  pea  with  a  blackish-green  gangrenous  area 
imnlediately  surroimding  it.  The  perforation  was  practically 
half-way  between  the  base  of  the  appendix  and  the  line  of  the 
ileo-caecal  junction.  Definite  appendicitis  of  an  acute  catarrhal 
type  w^as  also  present.  Careful  examination  after  its  removal 
failed  to  reveal  any  trace  of  necrosis  or  ulceration.  There  was 
also  no  evidence  that  the  appendix  had  been  adherent  to  the 
focus  of  caecal  gangrene,  for  there  was  no  lymph  on  the  caecum 
nor  signs  of  adhesions  having  been  separated.  What  the 
original  position  of  the  parts  was  I  cannot  say,  for  the  patho- 
logical conditions  were  found  by  pvilling  up  the  caecum  into  the 
wound,  which  had  been  placed  rather  high.  The  perforation 
in  the  caecum  was  distinct  and  capable  of  allowing  an  easy  flow 
of  liquid  faeces  from  the  bowel,  yet  there  was  no  evidence  of 
pronounced  peritonitis  and  no  free  fluid  in  the  peritoneal 
cavity.  This  suggests  that  before  disturbance  the  perforation 
was  shut  off  by  some  localising  adhesion,  unless  one  believes 
that  the   diarrhoea,   which    preceded    the    perforation,   had  so 
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absolutely  emptied  the  bowel  that  no  leakage  was  possible. 
Experience  would  negative  such  a  view,  but  the  failure  to 
find  any  suggestion  of  a  lymph  barrier  around  the  perforation 
leaves  any  explanation  of  the  facts  very  debatable. 

In  this  case  I  am  convinced  we  can  exclude  an  ordinary 
stercoral  ulcer,  for  I  inquired  carefully  into  the  matter  after 
she  had  recovered.  She  was  a  most  intelligent  woman  and 
stated  definitely  that,  far  from  being  constipated,  her  bowels 
were  always  rather  free.  It  seems  probable  that  the  pain 
and  diarrhoea  from  about  10  p.m.  until  7  a.m.  were  due  to  the 
acute  appendicitis.  The  condition  of  the  appendix  was  just 
what  one  would  have  expected  after  an  attack  lasting  about 
fourteen  hours.  There  is  justification  for  believing  that  per- 
foration of  the  caecum  took  place  at  7  a.m.  The  etiology  of 
this  small  gangrenous  focus  in  the  caecum  remains  obscure, 
and  it  is  of  interest  to  speculate  whether  the  etiological  factors 
were  ultimately  the  same  in  these  two  cases  apparently  so  diverse. 

Case  3. — Traumatic  Rupture  of  the  Pelvic  Colon 

During  the  evening  of  August  7,  1918,  a  girl  of  30,  cycling 
along  a  country  lane,  was  run  into  by  a  pony-cart ;  one  of 
the  shafts  perforated  the  abdominal  wall  just  above  the  left 
groin.  There  was  a  large  tear,  through  which  the  small  bowel 
protruded.  She  was  brought  some  distance  from  the  country 
and  admitted  to  hospital,  where  I  saw  her  half  an  hour  after- 
wards. She  was  very  collapsed,  and  the  house  surgeon  explained 
to  me  that  he  had  given  her  digitalin,  and  that  even  with  that 
she  was  too  ill  for  any  operation.  This  is  not  an  uncommon 
attitude  for  the  inexperienced  man  to  take  with  regard  to  cases 
of  profound  shock.  The  girl  did  appear  very  ill ;  she  was  cold 
and  practically  pulseless,  I  told  him,  however,  to  give  her  some 
morphine  and  atropine  and  to  get  her  body  warmth  back  with 
hot  bottles,  I  also  ordered  a  hot  saline  enema.  This,  as  it 
turned  out,  was  a  grave  blunder.  A  cursory  examination  of 
the  wound  had  left  me  with  the  impression  that  I  was  dealing 
with  a  lacerated  abdominal  wall  with  prolapse  of  bowel.  As 
a  matter  of  fact  I  was  dealing  with  a  case  of  rupture  of  the 
pelvic  colon.  Even  supposing,  however,  that  there  had  been 
no  rupture  of  bowel  at  all,  I  think  that  with  the  injury  in  the 
region  of  the  left  groin  or  iliac  region  it  would  have  been  better 
to  have  given  no  fluid  by  the  bowel,  for  it  is  better  to  avoid  any 
sort  of  movement  of  the  parts  in  the  neighbourhood  of  an  injury. 
When  I  first  saw  the  patient  I  was  afraid  that  internal  h;Temor- 
rhage  was  the  cause  of  her  serious  state,  but  further  examination 
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negatived  this  view,  for  her  mucous  membranes  were  of  a  good 
colour,  her  breathing  was  rather  the  quiet,  slow  breathing  of 
shock  than  the  quick  breathing  of  haemorrhage,  and  she  was  quiet 
instead  of  restless  and  anxious.  In  response  to  the  morphine 
and  atropine  and  warmth  her  pulse  improved,  so  that  I  felt 
justified  in  having  her  removed  to  the  operating  theatre.  Here 
examination  showed  that  the  pelvic  colon  had  been  torn  across, 
save  for  a  small  uniting  band  on  the  posterior  wall  at  the  mesen- 
teric attachment.  A  Paul's  tube  was  put  into  each  end  of  the 
torn  gut,  a  few  bleeding  points  tied,  the  gut  was  fixed  to  the 
wound,  the  skin  and  muscles  were  brought  together  round  the 
Paul's  tubes,  to  shut  in  the  wound  and  prevent  prolapse,  and 
the  parts  were  packed  round  with  gauze.  The  damaged  gut 
and  the  rectum  were  empty.  The  normal  saline  solution  which 
had  been  given  by  rectum  was  in  the  general  peritoneal  cavity. 
It  was  mopped  out  and  the  whole  neighbourhood  of  the  injury 
cleansed  with  hot  moist  swabs.  I  think  it  would  have  been 
better  to  have  put  in  a  suprapubic  drain.  On  August  17  the 
patient  had  a  swelling  in  the  right  iliac  fossa,  which  was  tender 
and  fluctuating ;  it  was  associated  with  fever  and  was  clinically 
like  an  appcndical  abscess.  There  was  no  pelvic  element 
evident  on  rectal  examination,  and  this  was  confirmed  at  opera- 
tion, for  a  muscle-splitting  approach  revealed  a  collection  of 
breaking  down  blood  which  had  evidently  not  been  got  rid  of 
at  the  first  operation.  It  was  drained  and  quickly  healed  so 
that  in  a  short  time  the  girl  was  well  save  for  her  two  colostomy 
openings.  She  was  advised  to  have  them  closed  but  refused, 
and, for  nearly  six  months  tolerated  the  discomforts  and  draw- 
backs of  these  artificial  openings.  She  then  returned  to  hospital 
and  had  the  openings  closed.  Prior  to  operation  I  did  what  I 
have  done  several  times  in  similar  cases,  and  what  I  have  no 
doubt  has  often  been  done  by  others  to  further  a  successful 
issue,  though  I  do  not  remember  seeing  any  definite  mention 
of  it  in  any  book.  Several  days  before  operation  the  skin 
round  the  openings  is  washed  with  plain  soap  and  water,  followed 
by  ether,  and  then  an  ointment  composed  of  equal  parts  of 
yellow  oxide  of  mercury  and  zinc  ointments  (B.P.)  is  rubbed 
into  the  skin.  This  inunction  is  carried  out  night  and  morning 
and  a  layer  of  the  ointment  left  on  the  surface  each  time.  This 
layer  is  a  surface  protection ;  the  ointment  which  is  rubbed  in 
fills  up  and  renders  the  skin  follicles  antiseptic.  Before  opera- 
tion the  bowels  were  cleared  by  enema  and  no  other  preparation 
of  the  skin  was  made  until  immediately  preceding  the  operation, 
when  it  was  washed  with  soap  and  water  first,  followed  by  spirit, 
and  finally  painted  with  2  per  cent,  picric  acid.     By  using  this 
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preliminary  preparation  and  maintaining  an  antiseptic  regime 
until  the  whole  infeeted  area  has  been  shut  away,  I  have  been 
enabled  to  get  union  free  from  sign  of  infection  following 
the  closing  of  cases  of  artificial  anus.  I  do  not  mean  by  this 
that  I  do  not  drain  such  a  wound  at  all,  but  that  in  twenty-four 
or  forty-eight  hours  I  have  been  able  to  remove  the  drainage 
tube  (which  is  only  subcutaneous),  and  no  pus  formation  has 
taken  place.  In  this  particular  case  the  opening  was  closed 
in  January  1919 ;  this  was  the  first  time  I  used  this  antiseptic 
ointment  method,  and  I  am  inclined  to  ascribe  the  absence 
of  any  infection  of  the  wound  and  delay  in  healing  to  this  small 
detail  in  preparation.  It  ma}^  be  worth  noting  that  an  end-to- 
end  anastomosis  was  made,  not  by  preference,  but  to  avoid 
any  risk  of  tension,  Avhich  would  have  resulted  had  the  two  ends 
been  turned  in  and  a  lateral  anastomosis  performed. 


Case  4.- — Perforation  of  a  Malignant  Ulcer  of  the  Pelvic  Colon 

This  patient,  a  woman  aged  62,  was  sent  a  distance  of  sixty 
miles  and  admitted  to  a  nursing  home  in  Cambridge.  She 
arrived  at  11.30  p.m.,  when  I  saw  her  for  the  first  time.  The 
history  obtained  was  that  for  three  months  she  had  had  "  grum- 
bling "  pains  in  the  abdomen,  and  for  some  time  there  had 
been  constipation.  There  was  no  history  of  loss  of  weight, 
and  the  patient  was  found  to  be  a  stout  woman  of  rather  florid 
type.  The  history  of  the  present  attack  was  that  on  July  3 
she  was  not  feeling  well  and  remained  in  bed.  On  July  4  at 
midday  acute  pain  set  in  suddenly  across  the  lower  abdomen. 
The  only  time  she  was  sick  was  after  being  given  some  medicine 
by  the  mouth,  and  since  the  onset  of  the  pain  there  had  been 
one  rather  loose  action  of  the  bowels.  The  nurse  who  came 
with  her  said  that  at  the  onset  the  pain  was  so  severe  as  to  cause 
collapse.  She  had  some  morphia  gi\'en  her  to  ease  the  long 
journey,  and  when  I  saw  her  at  11.30  p.m.  on  July  4  she  was  in 
quite  good  general  condition.  The  pulse  was  102,  the  tempera- 
ture 101°  :  at  4  p.m.  there  had  been  no  fever  at  all.  On  examina- 
tion the  abdomen  was  not  rigid  or  hard,  but  in  the  lower  half 
it  was  definitely  tender  on  palpation.  The  upper  half  seemed 
normal.  There  was  no  abdominal  distension.  The  tongue 
was  clean  and  moist.  On  rectal  examination  there  was  great 
tenderness,  especially  on  touching  the  back  of  the  uterus  in 
Douglas'  pouch.  The  diagnosis  was  uncertain,  and  I  could  not 
make  up  my  mind  whether  to  advise  immediate  exploration 
or  to  wait.     I  had  to  remember  that  she  was  62  and  had  travelled 
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sixty  miles  in  a  not  too  comfortable  ambulance,  that  I  knew 
nothing  about  her  beyond  her  history  and  her  immediate  con- 
dition, but  that,  on  the  other  hand,  her  relative  comfort  might  be 
due  to  the  morphia,  and  that  if  I  left  her  it  would  probably  be 
for  a  great  number  of  hours.  I  sent  for  one  of  my  medical 
colleagues,  put  the  problem  to  him  and  asked  him  to  give  me 
his  opinion.  After  confirming  the  clinical  features  of  the  case 
and  discussing  with  me  the  significance  of  symptoms  and  signs, 
he  advised  waiting  until  the  morning.  This  coincided  with  my 
own  views.  I  felt  that  a  night's  rest  would  add  to  her  chances 
of  recovery,  for  any  abdominal  lesion  present  was  probably 
local  rather  than  general.  My  colleague  and  I  met  next  morning. 
The  report  was  on  the  whole  quite  good.  There  had  been  a 
fairly  comfortable  night  with  very  little  pain  and  no  sickness. 
The  tongue  was  still  clean  and  moist,  the  temperature  100"6°, 
but  the  sign  which  decided  me  that  further  waiting  was  inad- 
visable was  that  the  pulse  rate  had  risen  to  124.  There  was  still 
pain  and  tenderness  across  the  lower  abdomen,  but  some  quite 
definite  movement.  There  had  been  no  action  of  the  bowels, 
and  the  patient  said  she  had  not  passed  any  flatus  per  rectum. 
My  colleague  made  a  rectal  examination  and  found  great  tender- 
ness everywhere  in  the  pelvis.  Micturition  was  normal  and 
painless.  We  agreed  that  an  exploratory  laparotomy  was 
justified,  and  this  was  performed  without  delay. 

A  sub-umbilical  median  laparotomy  was  performed.  No 
free  fluid  was  found  in  the  abdominal  cavity,  nor  was  there  any 
distension  of  the  small  bowel,  but  the  c?ecum,  which  presented 
in  the  wound,  was  very  distended.  The  appendix  was  quite 
normal.  We  thus  eliminated  the  diagnosis  which  was  at  the 
back  of  our  minds — a  pelvic  appendicitis.  The  upper  abdomen 
was  now  shut  off,  and  the  pelvis  was  explored.  Pus  was  found, 
and  at  the  level  of  the  pelvic  brim  a  growth  of  the  pelvic  colon, 
which  had  perforated,  was  discovered.  My  impression  at  the 
time  was  that  the  pus  was  not  completely  localised,  and  that 
there  was  rather  a  spreading  purulent  peritonitis,  which  had 
partially  localised  in  the  pelvis  because  of  the  patient's  complete 
rest  and  the  morphia  injection.  A  colostomy  above  the  growth 
and  free  drainage  of  the  abscess  were  the  obvious  lines  of  treat- 
ment, so,  after  performing  a  left  ihac-colostomy,  the  pelvis  was 
mopped  clean  and  drained  by  two  tubes,  one  to  Douglas'  pouch 
from  the  lower  end  of  the  incision,  the  other  through  the  posterior 
vaginal  fornix.  The  patient  made  a  steady  and  uneventful 
recovery  and  lived  for  about  a  year  longer.  At  the  end  she 
gradually  wasted  away,  and  before  death  both  the  lines  of 
drainage  reopened  and  discharged,  but  this  was  unaccompanied 
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with  any  pain,  and,  as  she  was  Avell  nursed,  with  but  httle 
trouble. 

This  case  was  quite  unique  in  my  experience,  and  from 
inquiries  I  have  made  amongst  surgical  friends  I  find  that  such 
cases  are  rare.  Growths  of  the  large  bowel,  however,  are  common, 
and  in  practice  are  liable  in  my  experience  to  be  overlooked 
in  the  early  stage  of  symptoms  and  signs,  and  also  in  the  earlier 
stages  of  the  later  phase  of  obstruction.  I  have  been  so  much 
impressed  by  both  these  points  that  I  propose  very  briefly 
to  make  some  reference  to  them  without  attempting  any  full 
discussion.  In  these  remarks  I  am  not  including  growths  of  the 
rectum,  for  these  should  be  diagnosed  with  some  certainty  either 
by  palpation  or  the  sigmoidoscope.  The  history  of  diarrhoea, 
which,  when  analysed,  is  the  passage  at  intervals  of  the  mucus, 
sometimes  blood-stained,  which  has  been  secreted  by  the  growth 
or  the  bowel  in  its  neighbourhood,  is  one  of  the  clinical  pictures 
which  call  for  further  examination.  Another  is  the  feeling  that 
the  bowel  has  never  been  properly  emptied,  or  the  home-made 
diagnosis  of  "  piles  "  in  an  elderly  man  troubled  with  some  loss 
of  blood  and  sense  of  fulness.  Such  histories  call  for  rectal 
examination. 

My  interest  for  the  moment  is  rather  with  growths  of  the 
upper  pelvic  colon,  and  above  this,  especially  in  the  splenic 
flexure,  as  when  diagnosed  in  time  they  can  be  removed  and  the 
patient  may  live  for  many  years.  Metastatic  deposits  are  late, 
warning  symptoms  often  appear  well  in  advance  of  a  final 
obstruction,  and  yet  a  diagnosis  is,  so  frequently,  only  made 
when  a  laparotomy  is  performed  for  obstruction,  necessitating 
removal  at  a  later  operation,  which  may  be  impossible  because 
metastases  have  formed.  How  are  we  to  anticipate  alike 
metastases  and  obstruction  ?  I  think  it  is  by  listening  carefully 
to  the  history  of  increasing  constipation,  especially  in  elderly 
people,  and  realising  that  it  may  be  a  stage  on  the  way  to  obstruc- 
tion. If  a  patient,  especially  one  getting  on  in  years,  says  that 
he  is  getting  constipated  and  finds  that  the  dose  of  purgative 
requires  gradually  increasing,  I  think  the  safe  plan  is  to  put 
him  under  observation,  and  examine  the  motions  both  for 
mucus  and  blood.  If  cither  is  present,  or  even  if  they  are  not 
present  but  the  constipation  is  definite  and  difficult  to  overcome, 
a  barium  enema  should  be  given  and  unless  no  obstruction  or 
narrowing  is  discovered,  the  question  of  operation  should  seriously 
be  considered.  If  there  has  been  a  definite  attack  of  subacute 
obstruction,  the  bowels  should  be  cleared  out,  a  barium  enema 
given  for  diagnostic  purposes,  and  only  the  most  definite 
negation    should    warrant    proceeding    no    further.     I    have    a 
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recent  case  very  vividly  in  my  mind  which  emphasises  these 
points. 

A  man  of  40  was  sent  to  me  by  his  medical  adviser  with 
a  history  of  two  attacks  of  subacute  obstruction.  He  was 
exceedingly  well  nourished,  but  had  the  prematurely  aged 
appearance  one  not  uncommonly  finds  in  comparatively  young 
people  who  are  the  victims  of  malignant  disease.  He  was 
suffering  when  I  saw  him  from  constipation  bordering  on  obstruc- 
tion. He  was  sent  into  a  nursing  home,  and  with  enema  and 
purgatives  the  bowels  were  well  emptied.  He  was  then  given 
a  barium  enema,  and  the  picture  was  sufficiently  clear  in  my 
opinion  to  justify  advising  an  exploratory  laparotomy,  even  in 
the  absence  of  the  convincing  history  of  the  two  attacks  of 
sub-acute  obstruction  which  were  forthcoming.  However,  he 
absolutely  refused  any  operation  and  went  back  into  the  country.* 
He  then,  as  is  usual  when  a  real  bad  prognosis  is  given,  sought 
further  advice,  but  without  letting  his  local  doctor  know,  so 
that  the  consultant  was  handicapped  by  lack  of  any  reliable 
history  of  events.  The  interesting  thing  to  me  was  that  the 
medical  man  consulted  wrote  to  the  local  doctor  a  very  full 
account  of  what  he  found  and  the  grounds  for  his  diagnosis. 
He  decided  that  malignant  disease  was  not  present  mainly  for 
these  three  reasons  :  (1)  the  man's  age,  (2)  the  man's  appearance, 
especially  the  fact  that  he  had  not  lost  weight  and  was  exceed- 
ingly well  nourished,  and  (3)  the  tumour  palpable  in  the  abdomen 
was  not  irregular  or  nodular.  Now  I  cannot  imagine  a  more 
unconvincing  line  of  reasoning.  Age  is  no  bar  at  all.  That 
growth  is  more  common  at  a  later  period  of  life  all  acknowledge, 
but  -that  it  is  rare  at  40  is  unfortunately  not  a  fact.  Within 
the  last  three  years  I  have  operated  on  malignant  growths 
of  the  large  bowel  in  women  of  about  40  years  of  age,  and  there 
is  a  man  aged  28  in  Addenbrooke's  Hospital  as  I  write  with 
an  inoperable  malignant  growth  of  the  rectum.  With  regard 
to  the  second  point,  a  growth  of  the  large  bowel  can  advance 
to  the  stage  of  absolute  obstruction  and  the  patient  not  lose 
in  weight  at  all.  This  has  led  to  grave  error,  not  only  in  mis- 
leading people  into  a  false  sense  of  security,  because  it  is  a  common 
belief  that  any  one  the  victim  of  malignant  disease  must  be 
wasted,  but  it  may  make  the  clinical  picture  in  regard  to  pal- 
pation and  estimation  of  abdominal  distension  exceedingly 
difficult.  I  have  in  my  mind  two  such  cases,  in  which  it  was 
impossible  to  decide  whether  there  was  any  abdominal  disten- 
sion :    probably  there  is  none  in  such  cases,  for  the  pressure 

*  This   patient   died   from    acute  obstruction   within   three   months  of  the 
consultation. 
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of  gas  in  the  bowel  may  be  incapable  of  distending  an  abdominal 
wall  which  has  a  layer  of  fat  on  its  surface  three  or  four  inches 
deep.  There  is  an  old  expression  in  country  places — ^"  Feeding 
a  cancer  " — and  some  of  these  patients  with  the  most  pronounced 
disease  have  large  appetites  and  keep  up  their  weight,  and  I 
have  even  heard  it  said  by  friends  that  the  weight  has  increased. 

About  a  year  ago  I  saw  a  man  of  48,  living  in  a  very  intellec- 
tual circle  and  of  great  intelligence  himself,  who  never  sought 
advice  until  he  had  absolute  obstruction.  One  of  his  closest 
acquaintances,  a  college  colleague,  told  me  that  he  had  not 
wasted  at  all,  and  the  only  thing  that  had  been  noted  was  that 
he  had  an  inordinately  large  appetite.  His  was  a  case  where 
waiting  for  visible  and  palpable  distension  of  the  abdominal 
wall  would  have  been  fatal.  There  were  between  two  and  three 
inches  of  fat  on  the  abdominal  wall,  and  up  to  the  time  of 
operation  this  appeared  relatively  soft.  Fortunately  he  had  the 
classical  symptoms  :  inability  to  pass  flatus  and  recurrent 
attacks  of  mild  colicky  pains.  This  man,  it  may  also  be  noted, 
Avas  never  sick  up  to  time  of  operation,  and  this  is  not  at  all  an 
uncommon  history.  Usually,  however,  once  obstruction  has 
set  in,  there  is  a  distinct  reluctance  to  take  food,  and  there  is 
much  wind  brought  up.  It  should  be  remembered  that  the 
absence  of  vomiting  does  not  exclude  absolute  obstruction 
of  the  large  bowel.  The  common  teaching  is  that  the  lower 
down  in  the  large  bowel  the  obstruction,  the  less  likelihood 
there  is  of  vomiting.  This  statement  should  be  followed  by 
the  warning  that  95  per  cent,  of  growths  of  the  large  bowel 
are  between  the  left  iliac  crest  and  the  anus.  Remembering 
this,  the  absence  of  vomiting  should  not  be  allowed  to  prejudice 
the  mind  against  a  complete  obstrviction. 

The  third  point  mentioned  was  that  the  tumour  in  the 
abdomen  was  not  irregular  or  nodular.  Now  I  can  fully  con- 
firm that  the  palpable  left  iliac  tumour  was  not  irregular  or 
nodular,  as  palpated  through  the  abdominal  wall,  but  when 
one  is  palpating  an  inch  of  tissue  before  anything  intra-abdominal 
is  reached,  it  is  probable  that  only  the  most  gross  irregularities 
are  appreciable,  and  especially  so  if  the  muscles  are  slightly 
resistant.  It  is  also  difficult  to  decide  whether  one  is  palpating 
an  edge  of  muscle,  a  sulcus  in  between  muscles,  or  something 
inside  the  abdomen,  and  when  one  has  decided  that  the  bowel 
is  being  palpated,  it  is  difficult  to  be  certain  whether  the  bowel 
is  palpable  because  it  is  loaded  with  fseces,  or  because  it  is  dis- 
tended above  a  more  distal  obstruction,  or  because  the  gut  is 
thickened  from  hypertrophy  of  its  coats.  In  this  particular 
case  I  examined  the  man  several  times  both  before  and  after 
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enemata  and  purgatives,  and  could  never  make  up  my  mind 
tliat  anything  I  felt  gave  a  reliable  clue  to  his  disease.  My 
feeling  on  the  matter  is  that  when  the  tumour  is  unmistakably 
palpable  it  is  beyond  cure  because  of  glandular  enlargement, 
neighbouring  adhesions  and  thickening  of  peritoneum. 

There  is  no  need  to  emphasise  the  fact  that  tumours  of 
the  flexures  are  beyond  palpation,  nor  the  well-known  significance 
of  a  variable  tumour  produced  by  intermittent  distension  of  a 
hypertrophied  bowel  behind  a  stricture. 

To  sum  up  :  neither  age,  apparent  good  nourishment, 
nor  the  dubious  results  of  palpation  should  prejudice  us  in  arriv- 
ing at  a  diagnosis  in  the  presence  of  increasing  constipation, 
requiring  increasing  doses  of  purgatives,  despite  a  reasonable 
dietary  and  mode  of  life.  To  anticipate  trouble  the  whole 
armamentarium  of  diagnosis  should  be  brought  to  bear.  Again, 
subacute  obstruction  should  harden  our  hearts  against  any 
simple  functional  condition,  and  the  failure  to  pass  flatus  with 
the  presence  of  colicky  pains  should  make  us  decide  that  the 
hour  of  absolute  obstruction  with  the  necessity  for  immediate 
operation  has  come.  One  good  dose  of  castor  oil  and  one  good 
enema  should  usually  enable  the  diagnosis  to  be  clinched  one 
way  or  the  other,  and  neither  age,  weight,  nor  the  questionable 
results  of  palpation  should  turn  us  aside  from  advising  early 
exploration. 


Case  5. — Perforation  of  a  Malignant   Ulcer  of  the  Splenic 
Flexure  into  the  Retrojjeritoneal  Tissues 

This  patient  was  admitted  to  hospital  suffering  from  a  large 
left-sided  perinephric  abscess ;  his  temperature  showed  the 
wide  fluctuations  characteristic  of  a  collection  of  pus.  The 
abscess  was  opened,  the  pus  having  the  typical  smell  of  a  Bacillus 
coli  infection.  The  interest  of  the  case  was  that  we  anticipated 
the  further  history,  diagnosed  a  malignant  growth  of  the  bowel, 
which  by  perforating  retroperitoneally  had  lead  to  the  abscess, 
and  foretold  the  probability  that  sooner  or  later  obstruction 
would  set  in.  This  proved  to  be  the  case,  and  ten  days  after 
operating  on  the  abscess,  a  left  para-rectal  incision  was  made 
to  open  the  abdomen,  and  a  ring  carcinoma  of  the  splenic  flexure 
found.  This  was  palpated  but  not  inspected,  so  that  no  local 
investigations  of  the  site  of  perforation  were  possible.  The 
obstruction  was  only  subacute,  and  it  was  possible  to  do  an 
anastomosis  between  a  loop  of  the  ileum  and  the  pelvic  colon. 
This  entirely  relieved  the  condition,  and  during  the  remainder 
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of  the  time  the  patient  was  in  hospital  the  bowels  opened  well ; 
but  of  course  the  operation  was  only  a  palliative  one.  This 
is  an  interesting  case  when  contrasted  with  the  case  of  intra- 
peritoneal perforation  of  the  growth  of  the  pelvic  colon.  In 
neither  case  was  a  close  investigation  of  the  locality  of  the  per- 
foration made,  and  whilst  such  cases  are  labelled  "  perforation 
of  a  malignant  ulcer,"  it  is  quite  possible  that  they  are  perfora- 
tions of  ulcers  situated  above  but  in  the  immediate  area  of  the 
upper  limit  of  the  malignant  ulcer  and  produced  by  stagnation 
and  distension.  I  have  never  had  the  opportunity  of  closely 
investigating  such  a  case,  so  cannot  speak  with  certainty  about 
the  locality  of  the  perforation. 

It  was  noted  as  an  interesting  fact  in  this  case  that  the 
upper  part  of  the  small  bowel  was  empty  and  collapsed.  It 
throws  a  light  on  the  phenomenon  of  the  late  onset  of  vomiting 
in  these  cases.  The' obstruction  here  was  absolute,  but  it  had 
come  on  gradually,  and  although  the  lower  end  of  the  ileum 
was  distended  and  congested,  the  jejunum  was  empty,  collapsed, 
and  pale.  It  would  suggest  that  the  bowel  has  some  capacity 
to  resist  distension.  Hypertrophy  of  the  bowel  wall  above 
the  growth  is  a  gradual  process,  extending  backwards  but  not 
preventing  a  concomitant  distension  of  the  lumen.  This 
observation  suggests,  however,  that  distension  is  localised  and 
is  not  purely  mechanical,  but  that  as  each  segment  of  bowel 
is  brought  into  action  it  distends  to  contain  gas  at  the  same  time 
that  it  hypertrophies  to  aid  in  overcoming  the  peripheral  resist- 
ance. When  with  the  open  abdomen  the  distended  caecum  and 
the  lower  ileum  dully  congested  and  at  least  twice  the  lumen 
of  the  contracted  pelvic  colon  are  seen,  it  is  clear  that  the  con- 
dition of  the  ileum  and  caecum  by  the  time  that  the  jejunum 
is  becoming  distended  and  vomiting  is  imminent,  is  such  that 
their  vitality  is  certainly  endangered.  This  emphasises  the 
inadvisability  of  waiting  for  vomiting  as  a  sign  of  obstruction. 

In  conclusion  I  will  briefly  describe  a  case,  which  may  be 
said  to  be  the  opposite  in  its  clinical  manifestations  to  those 
just  referred  to.  This  was  a  case  of  obstruction  high  up,  where 
vomiting  was  the  outstanding  feature,  and  an  enema  resulted 
in  such  a  satisfactory  action  that  it  was  taken  for  granted  that 
no  obstruction  could  be  present. 

A  man  of  58,  hitherto  in  good  health,  was  seized  with  pain 
in  his  abdomen  after  breakfast  on  January  19  of  this  year. 
He  sought  no  advice  until  the  evening  of  the  21st.  All  that  day 
he  had  been  sick.  His  doctor  found  him  with  nothing  definite 
in  the  way  of  signs,  but  with  the  history  of  vomiting  that  day 
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and  constipation.  There  was  no  fever,  Iiis  pulse  was  good, 
and  his  general  appearance  was  that  of  a  healthy  country  man. 
Obstruction  was  seriously  considered,  and  an  enema  ordered 
with  the  understanding  that  unless  entirely  satisfactory  further 
steps  were  to  be  considered.  The  report  came  that  the  result 
of  the  enema  was  entirely  satisfactory  and  that  the  patient 
was  much  better.  There  also  happened  to  be  a  lull  in  the  vomit- 
ing, so  that,  coming  at  a  time  of  great  stress,  the  doctor  thought 
he  might  very  well  avoid  another  country  journey  that  night. 
But  the  enema  had  only  emptied  the  large  bowel  well  below 
the  obstruction,  although  it  produced  a  fairly  large  and  satis- 
factory action.  In  a  short  time  vomiting  set  in  again,  and  in  the 
late  morning  of  the  next  day  it  had  a  definite  faecal  odour. 
He  was  sent  into  a  nursing  home,  where  he  came  under  my  care, 
and  where  the  difficulty  in  diagnosis  presented  itself  very  forcibly 
to  me.  I  accepted  unconditionally  the  history  of  fa?cal  vomiting. 
When  I  saw  the  man,  there  was  little  else  to  go  upon.  He  had 
not  vomited  since  admission,  his  general  condition  was  quite 
good,  and  his  pulse  a  little  faster  than  normal.  I  thought  his 
abdomen  was  slightly  distended,  but  he  assured  me  that 
it  was  not.  It  was  supple  and  there  was  no  pain.  Rectal 
examination  was  negative.  However,  accepting  the  history 
of  vomiting,  with  a  pulse  rate  between  ten  and  twenty  above 
the  normal,  I  thought  I  had  better  take  the  abdominal  distension 
at  my  own  valuation  rather  than  that  of  the  patient.  I  opened 
the  abdomen  expecting  to  find  obstruction  associated  with  some 
form  of  malignant  disease.  Instead  I  found  the  simplest  form 
of  peritoneal  band  obstructing  the  bowel  quite  high  up,  with  the 
gut,  above  thinned  out  by  distension,  vmiformly  congested, 
bruising  badly  if  touched,  and  with  the  faint  odour  which  one 
attributes  to  the  early  escape  of  B.  coli  infection  from  the  bowel 
lumen  to  the  peritoneal  cavity.  There  was  extreme  distension 
of  these  coils  and  difficulty  in  getting  them  back  into  the 
abdomen.     The  patient  died  some  twelve  hours  later. 
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By  H.  C.  MALLESOX,  L.R.C.P.,  M.R.C.S.,  L.D.S.,  Assistant  Dental  Surgeon, 

Guy's  Hospital. 

For  the  purposes  of  studying  the  soft  dental  tissues,  no 
difficulty  is  experienced  in  providing  sections  of  normal  pulp, 
but  for  the  examination  of  the  periodontal  membrane  and 
gum,  recourse  is  had  to  the  mandible  of  the  cat,  so  that  the 
tooth  can  be  looked  at  in  situ.     The  first  photograph  (Fig.  1) 


Fig.  i.         X  8. 
Decalcified  section  through  mandible  of  cat,  molar  region. 

is  a  section  through  the  molar  region  magnified  only  about 
eight  times.  This,  of  course,  is  not  enough  to  show  minute 
details,  but  is  of  value  in  studying  the  architecture  of  the 
mandible.  The  tilting  of  the  tooth  inwards  is  well  marked, 
and  the  inferior  dental  canal  is  large  and  situated  well  to  the 
inner  surface  of  the  tooth.  The  difference  between  the  outer 
and  inner  plates  of  the  alveoli  is  obvious,  but  shows  still  better 

*  Founded  on  a  paper  read  before  the  Odontological  Section  of  the  Royal 
Society  of  Medicine  in  May  1922. 
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in  Fig.  2,  wliicli  is  a  section  through  a  prc-molar.  Here  the 
(hrfercnce  between  the  two  plates  is  very  well  marked.  The 
eonipaet  bone  externally  and  the  eancelloiis  internally  are  well 
differentiated,  the  latter  as  in  the  human  mandible  is  more  con- 
densed in  the  aheolar  portion  than  in  the  base.  The  inferior 
dental  canal  is  inmiediately  under  the  root  of  the  tooth  and  is  sur- 
rounded by  a  distinct  area  of  compact  bone.  Cunningham,  in  his 
description  of  the  human  canal,  says  it  has  no  definite  wall,  but 
it  will  be  agreed  that  in  the  cat  at  any  rate  it  possesses  one. 


Fig.  2.         x  8. 
Mandible  of  cat,  pre-molar  region. 

Fig.  3  is  a  photograph  of  the  gum,  periodontal  membrane 
and  alveolus  more  highly  magnified,  and  shows  the  intimate 
relation  these  tissues  bear  to  one  another.  The  direction  of 
the  fibres  of  the  periodontal  membrane  can  be  well  seen,  those 
nearest  the  crown  having  a  direction  upwards  away  from  the 
alveolus  and  forming  part  of  the  supporting  structure  of  the 
gum.  The  next  set  of  fibres  pass  obliquely  downwards  and 
outwards  to  the  alveolus,  where  they  are  attached  to  the 
highest  point,  but  you  will  see  that  a  number  of  these  fibres 
run  down  the  outer  side  of  the  alveolus  to  be  attached  some 
distance  away  from  the  tooth.  The  direction  of  the  fibres 
gradually  becomes  transverse  and  two  large  blood  vessels  can 
be  seen,  one  of  which  is  issuing  from  the  bone;    the  direction 
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Fig.  3.         X  25. 
Pre-molar  of  cat,  gum,  periodontal  membrane  and  alveolus. 


Fig.  4.  x  120. 

The  same. 
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of  the  fibres  then  gradually  becomes  oblique,  but  assumes  the 
opposite  direction,  namely,  upwards  and  outwards. 

Figs,  -i  and  5  arc  higher  magnifications  at  A  and  B,  and 
show  the  direction  of  the  fibres  rather  better. 

Fig.  6  shows  the  inferior  dental  canal  with  its  contents  as 
well  as  the  compact  bone  forming  its  wall. 

Fig.  7  represents  a  section  of  normal  pulp  stained  with  gold 
chloride,  and  shows  two  nerve  bundles  breaking  up  into  fan- 


FiG.  5.  X  120. 

Pre-molar  of  cat,  periodontal  membrane  and  blood  vessels. 

shaped  masses  of  fibrils  in  close  proximity  to  some  blood 
vessels. 

Fig.  8,  from  a  section  stained  with  iron  and  tannin,  shows 
the  dentinal  processes  of  the  odontoblasts  drawn  out  of  the 
tubules. 

An  accident  that  may  happen,  and  probably  occurs  more 
frequently  than  might  be  imagined,  is  the  removal  of  a  pre- 
molar when  extracting  a  temporary  molar.  Fig.  9  is  a  photo- 
graph of  such  a  specimen  from  a  j)atient  aged  six  years,  the 
pre-molar  measuring  about  3  mm.  It  shows  the  pulp  canal 
of  the  temporary  molar  to  be  full  of  pus,  and  absorption  of 
the  root  and  bony  crypt,  the  enamel  organ,  partially  calcified 
enamel,  dentine  and  the  dentine  papilla. 

The  soft  tissues  have  shrunk  owing  to  the  action  of  alcohol 
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Fig.  6.         x  25. 
Mandible  of  cat.     Inferior  dental  canal 


Fig.  7.         x  120. 

Pulj)  of  IniMian  pro-molar  stained  gold  chloride,  nerve  bundles  and 
blood  vessels. 


II 
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Dentinal  ]irocesses  of  odontoblasts.     lion  and  tannin. 


Fig.  9.         x  10. 
Temporary  molar  and  jjrt-inolai'. 
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and  ether,  and  consequently  show  a  certain  amount  of  distor- 
tion. 

Another  pre-niolar  extracted  in  this  way  was  decalcified 
in  33'7  per  cent,  formic  acid.  At  the  end  of  forty-eight  hours 
the  enamel  separated  from  the  dentine  in  the  form  of  a  cap, 
and  I  endeavoured  to  cut  sections  after  eniheddino-  in  dextrin. 
The  sections  so  cut  were  too  fragile  to  handle,  and  the  specimen 
was  therefore  embedded  in  paraffin.  Fig.  10  shows  the  inter- 
prismatic  substance  cut  transversely  and  having  the  well-known 
honeycomb  appearance. 


^ 


\;:  ■ 


Fig.  10.         X  340. 
Inter-prisinatic  substance  of  onaincl. 

When  we  come  to  deal  with  the  attachment  of  teeth  the 
hake  is  a  good  example,  since  it  possesses  both  ankyloscd  and 
hinged  teeth.  Fig.  11  is  a  photograj)!!  of  a  tooth  of  this  species, 
and  shows  the  posterior  and  the  anterior  hinge,  as  figured 
by  Mummery  in  his  recent  book.  I  suggest  tiiat  the  external 
and  internal  hinge  is  a  more  correct  description. 

Fig.  12  shows  both  the  ankyloscd  and  hinged  tooth,  and  it 
will  be  noticed  that  the  internal  hinge  appears  to  be  part  of 
the  external.  This  led  me  to  cut  some  trans\erse  sections  of 
these  teeth,  and  it  was  tlun  found  llinl  tlic  two  liiiiges  were  one 
and  the  same. 

Fig,  13  shows  that  the  internal  portion  is  formed  by  a  folding 
inwards  of  the  external  hinge  round  the  pulp,  and  a  longitudinal 


462     SOME    NOTES    ON    DENTAL    HISTOLOGY 


Fig.  11.         X  15. 
Hinged  tooth  of  hake. 


Fig.  12.         X  15. 
Hinged  and  ankylosed  teeth  of  hake. 
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Fig.  13.         x  50. 
Hinsied  tooth  of  liakc.     Hinge  cut  transversoh'. 


Fig.  U.         X  100. 
Gill  tooth  of  pike. 
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section  cut  towards  the  outer  aspect  of  the  tooth  would  give 
the  appearance  of  two  separate  hinges. 

The  pike  shows  a  different  kind  of  hinge.  It  is  instructive 
to  study  tlie  small  gill  teeth,  which  give  a  good  idea  of  the  mechan- 
ism, and  the  larger,  such  as  the  vomerine  teeth,  which  give  more 
detail.  The  former  can  easily  be  accommodated  in  the  field  of 
a  '2/3rd  inch  objective,  and  Fig.  It  is  a  photograph  of  such  a 
tooth.  Fig.  15,  a  section  of  one  of  the  vomerine  teeth,  shows  the 
elastic  fibres  attached  to  prolongations  of  the  osteo-dcntine. 


Fig.  15.         x  85. 
Vomerine  tooth  of  pike.     Elastic  fibres  attached  to  osteo- dentine. 

Fig.  16  is  a  photograph  from  another  part  of  the  same  section 
showing  their  attachment  to  the  bone. 

Fig.  17  is  from  a  ground  section  of  one  of  the  large  man- 
dibular ankylosed  teeth  of  the  pike  stained  with  alcoholic 
fuchsin.  The  fine  tubes  with  their  still  finer  branches  can  be 
well  seen  between  the  coarse  osteo-dentine  and  the  enamel. 

Fig.  18.  In  describing  the  teeth  of  the  eel  the  text-books 
do  not  make  much  mention  of  the  very  definite  structure  which 
is  interposed  between  them  and  the  bone.  Marett  Tims  and 
Hopewell  Smith  include  these  teeth  among  those  which  are 
attached  by  ankylosis,  but  conclude  their  description  by  stating 
that  the  actual  attachment  may  perhaps  be  of  a  fibrous  nature, 
although  a  bone  of  attachment  is  formed.     Mummery  places 
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Fig.  16.         X  85. 
The  same,  elastic  filM-es  attached  to  bone. 


Fig.   17.         X  120. 

Ankylosed  tooth  of  pike.     Ground  section,  stained  alcoholic 
fuchsin. 
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Teeth  of  river  eel  showing  fibrous  attachment. 
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Fig.  19.         x  300. 
The  same. 
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them  among  those  that  have  a  fibrous  attachment,  but  neither 
his  nor  the  original  ilhistration  by  Tomes  figure  this  inter- 
posing material.  These  teeth  are  attaehed  to  the  bone  by  a 
capsule  of  fibrous  tissue.  In  those  of  small  fisJi  this  is  simply 
interposed  between  the  teeth  and  the  bone.  In  larger  fish, 
howeV'Cr,  this  tissue  prol)ably  extends  within  the  pulp  canal 
for  some  considerable  distance. 

Fig.  19  shows  the  condition  still  better.  It  may  be  men- 
tionetl  that  other  sections  I'romthe  same  fish  were  gi\en  out  to 
a  class  of  nearly  eighty,  and  in  every  case  the  condition  was  the 
same. 


Fig.  20.         x  120. 
Skin  of  dog-fish.     Scale  and  developing  scale. 

The  dog-fish  provides  a  good  example  of  teeth  fixed  by  means 
of  a  fibrous  attachment,  as  weU  as  of  the  fact  that  the  scales 
and  teeth  are  identical  in  structure  and  in  their  mode  of  develop- 
ment. Fig.  20  is  Irom  the  skin  Ixlow  tlic  mandible,  and  shows 
the  expanded  base  of  the  scale  end^edded  in  the  fibrous  i)art  of 
the  skin.  The  hard  tissues  of  the  scale  are  composed  of  ostco- 
dentinc,  and  in  some  cases  tlie  Ihu'  terminations  of  tlie  dentinal 
fibrils  appear  to  penetrate  the  enamel.  The  developing  scale 
is  also  shown  and  the  anuloblasts  are  very  conspicuous. 

The  teeth  of  the  dog-fish,  tliough  larger  than  the  scales,  have 
the  same  attachment.  The  striictiu-e  of  the  dentine  is  well  shown 
in  Fig.  21,  from  a  tooth  in  the  thecal  fold.     The  large  channels 
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Fig.  21.         x  130. 
Tooth  from  thecal  fold  of  dog-fish. 


Fig.  22.         X  130. 
Tooth  from  thecal  fold  of  dog-fish.     Dentine  and  enamel. 
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in  the  dentine  are  in  the  main  directed  towards  the  periphery 
of  the  tooth.     The  unstained  area  on  the  surfaee  is  enamel. 

Fig.  22  is  a  photograph  of  another  tooth  whose  develop- 
ment is  incomplete.  The  enamel  is  of  the  tubular  variety, 
and  the  dentinal  tubules  ean  be  seen  penetrating  its  substance 
to  the  surface. 

Fig.  23  is  a  higher  magnification  to  show  the  corkscrew 
appearance  of  the  penetrating  tiil)ulcs. 

Fig.  24,  a  and  h.  Passing  now  to  a  physiological  subject,  the 
absorption  of  the  temporary  teeth,  it  is  not  difficult,  if  a  good 


Fig.  23.         X  340. 
The  same. 


many  teeth  be  cut,  to  find  good  examples  which  show  the 
Howship's  lacunae  and  the  multi-nucleated  cells  or  osteoclasts. 
At  the  same  time  it  is  extraordinary  how  often  one  finds  active 
absorption  going  on,  but  no  sign  of  any  osteoclasts,  and  the 
lacunae  filled  up  with  round  cells  which  form  the  main  part  of 
an  absorbent  organ. 

Fig.  25  is  a  transverse  section  of  the  pulp  of  a  temporary 
canine,  showing  osteoclasts. 

Fig.  26  is  a  section  of  a  temporary  incisor  extracted  at  the 
usual  time.  As  it  seemed  to  have  a  larger  absorbent  organ  than 
usual,  it  was  hoped  it  would  be  a  typical  example  of  absorp- 
tion. It  will  be  seen,  however,  that  it  shows  epitlielium 
growing   underneath  the   tooth,  thus   cutting   it  off   from   its 
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Fig.  24  «.         x  200. 
Osteoclast!-'.     Absorption  of  teniiioraiy  tooth. 
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Fig.  24  i.         x  180. 
The  same. 
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Fig.  25.         X  180. 
Osteoclasts  in  pulp  of  toinporary  canine. 


Fig.  20.         x  20. 
Tonipoiarv  canine  witli  cpit helium. 
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attachment.  An  interesting  taet  is  that  the  papilhc  penetrate  in 
the  direction  of  the  tooth  and  in  the  opposite  one  to  those  of 
the  oral  mucous  membrane. 

Another  interesting  fact  about  the  temporary  teeth  is  the 
amount  of  calcified  tissue  deposited  after  absorption  has  taken 
place,  and  evidence  of  this  can  be  seen  in  nearly  every  case. 

Fig.  27  is  a  section  of  a  temporary  canine  extracted  in  the 
ordinary  course  of  events,  because  the  permanent  tooth  was 
eruj)ting  just  above  it.  For  some  reason  or  other  the  odonto- 
blasts have  become    active  again  and  have  laid  down  a  mass 
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Fiu.  27.  .•;  12U. 

Calco-sphcrites,  ostco-genetic  zone.     Temporary  canine. 

of  dentine.  The  appearance  of  the  dentine  in  this  area  suggests 
that  this  has  happened  before.  This  is  a  useful  section,  since 
it  demonstrates  the  appearance  of  the  calco-spherites  in  recently 
formed  dentine. 

Fig.  28  is  a  section  of  a  temporary  canine  extracted  at  the 
age  of  sixteen  years.  It  was  loose,  but  the  permanent  canine 
was  not  apparent,  although  the  corresponding  tooth  on  the  other 
side  had  erupted.  There  was  no  pulp  canal  visible,  nor  could 
one  be  found  with  the  probe.  The  length  of  the  tooth  was 
7  mm.,  and  another  2  mm.  can  be  added  for  loss  by  attrition. 
Wlu-n  the  sections  were  examined  it  was  seen  that  the  pulp 
canal   towards   the   root   was   completely   obliterated,    but   the 
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coronal  part  of  the  pulp  was  still  in  existence  and  showed  slight 
fibrosis  and  calcification.  The  secondary  dentine  deposited  has 
small  canals  and  irregular  spaces  in  it,  and  no  doubt  contained 
blood  vessels  which  supplied  the  pul}). 

Fig.  29  is  a  photograph  of  a  temporary  canine  extracted  at 
the  age  of  sixteen.  Although  a  much  shorter  tooth,  the  root 
being  almost  completely  absorbed,  it  showed  a  mass  of  second- 
ary dentine  with  numerous  spaces  filling  up  the  coronal   part 


Fig.  28.         )<  25. 
Secondary  dentine  in  retained  temporary  eanine. 


of  the  pulp,  and  the  initial  absorption  of  the  dciitint'  is  well 
seen.  The  character  of  the  deposited  tissue  in  the  last  two 
cases  is  of  the  hyaline  variety,  tlicre  being  very  little  definite 
structure  in  the  matrix. 

Fig.  30.  In  a  good  many  cases  secondary  tissue,  having 
the  appearance  of  cemcntum,  is  found.  This  section  of  the  apical 
portion  of  a  temporary  eanine,  extracted  at  the  age  of  twenty-one 
years,  shows  very  well  several  masses  of  secondary  cemental  tissue. 

Fig.  31.     A  ground  section  of  anotlier  retained  tooth  was 
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Fio.  29.         X  15. 

Secondary  dentine  in  coronal  part  of  pulp- chamber.     Temporary 

canine. 


Fig.  'M.         a  15. 
Cemental  tissue.     Apical  poition  of  retained  temporary  canine. 
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made  as  near  the  centre  as  possible.  The  dentine  has  been 
absorbed  in  a  very  irreguhir  way,  and  the  spaces  so  left  have 
been  filled  up  with  cementuni,  which  shows  se^■eral  larger  spaces 
in  addition  to  lacuna^.  The  next  photograph  (Fig.  32)  is  a 
higher  magnification  of  A  (Fig.  31),  and  shows  one  of  these 
larger  spaces.  The  fine  processes  surrounding  it  can  easily 
be  seen.  This  space  no  doubt  contained  cemental  cells  which 
would  eventually  be  cut  olT  to  form  the  contents  of  lacuna?  and 
canaliculi. 

Sections  no.  27  to  no.  32  show  that  in  the  e\ent  of  a  tooth 


Fig.  31.         x  70. 
Ground  section  temporary  canine.     Stained  alcolmlie  fuchsin. 

being  retained  beyond  the  norninl  lime,  tlic  cells  of  the  pnlp 
and  periodontal  membrane  l)ecome  aetixc,  ])r()(hieing  new  tissue 
which  replaces  that  lost  l)y  absorjition. 

The  next  section  (Fig.  33)  is  of  a  tootli  with  a  somewhat 
interesting  history.  A  lady  aged  about  twenty-one  years  came 
to  me  complaining  of  toothaelie  in  a  kft  upjxr  temporary  canine, 
which  appeared  to  be  quite  soimd  and  was  firmly  im- 
planted in  the  alveolus,  lioth  lateral  incisors  were  missing, 
the  permanent  canines  had  eru])ted  next  to  the  central  incisors, 
and  the  right  temporary  canine  was  also  jiresent  but  had  been 
filled  on  several  occasions.  Her  first  uj^per  molars  had  l)een 
extracted    previously.     The    })atient    was    definite    as    to    the 
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Fig.  32.         x  200. 
Higher  magnification  at  A  (Fig.  31)  showing  canaliciili. 


Fig.  33.         x  25. 
Temporary  canine,  absorption  of  root,  secondary  dentine,  jjulpitis. 
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offending  tooth,  so  both  temporary  canines  were  extracted. 
The  left  temporary  canine  showed  a  fairly  large  zone  of  absorp- 
tion, and  when  sections  were  cut  it  was  seen  that  a  correspond- 
ing area  of  secondary  dentine  liad  been  formed  in  the  pnlp-canal. 
The  cause  of  the  pain  was  shown  to  be  pulpitis,  and  it  is  possible 
that  infection  mav  have  taken  place  througli  the  tliin  dentinal 
wall. 

Fig.  34  is  a  higher  magnification  of  the  same  section,  showing 
the  area  of  cellular  infiltration  together  with  enlarged  vessels 
and  their  contents. 


Fig.  34.         x  125. 
The  same.     ( Vllul.lr  infiltration,  onl.Trgod  vessels. 


Temporary  teeth  when  decalcified  ot'ten  show  \  ery  (h  liiiitcly 
the  contours  of  the  calco-sphcritcs.  In  another  jxirt  of  the  same 
section  (Fig.  35)  these  are  shown  in  a  striking  manner  with  the 
dentinal  tubules  running  through  them. 

Fig.  36  is  a  photograjih  of  the  same  specimen,  but  tlie  tubes 
have  been  cut  transversely. 

The  examination  of  the  l)ul])  of  teeth  extracted  in  cases 
of  pyorrhoea  alveolaris  leads  one  to  think  that  fibroid  degenera- 
tion is  always  present  to  a  greater  or  lesser  degree.  Lack  of 
time  has  so  far  prevented  the  examination  of  a  definite  series 
of  teeth,  but  one  would  expect  that  the  patliological  lesions 
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Fig.  35.         X  300. 
Contours  of  calco-spheritcs,  dentinal  tubules. 


J-b 


Fig.  36.         X  300. 
The  same.     Tubules  cut  transversely. 
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of  the  periodontal  membrane  and  aheolus  found  in  chronic 
suppurative  periodontitis  would  result  in  pathological  changes 
in  the  pulp.  Fig.  37  is  an  early  stage  of  fibroid  degeneration 
of  the  pulp  of  a  lower  pre-molar,  extracted  because  of  the  some- 
what deep  pockets.  The  tooth  was  not  loose,  but  since  tlie  lower 
incisors  had  to  be  extracted  on  account  of  the  advanced 
pyorrhoea,  it  was  removed  at  the  same  time.  The  odonto- 
blasts are  gathered  into  slicavcs,  the  vessels  are  dilated,  and 
there  is  a  marked  diminution  in  the  number  of  cells. 


,   Fig.  .37.         x  120. 
Eaily  fil)roid  degeneration  of  pulp. 

Fig.  38  is  taken  from  a  case  of  coni])lete  fibrosis,  the  cell 
element  having  entirely  disappeared. 

Fig.  39  is  from  a  case  of  complete  fibrosis  which  has  been 
preceded  by  calcification,  caused  by  the  presence  of  a  large 
carious  cavity  which  had  been  previously  filled.  The  section 
shows  well  the  fibrous  skeleton  which  remains  after  the  com- 
plete degeneration  of  the  odontoblasts,  blood  vessels  and  other 
tissues  of  the  pulp. 

A  male  aged  seventeen  was  seen  with  reference  to  an  in- 
standing  second  upper  pre-molar,  which  was  situated  in  the 
angle  formed  by  the  first  })re-molar  and  the  first  molar.  Tlu> 
second  lower  pre-molar,  which  was  also  instanding,  articulated 
in  the  triangle  produced   by  these  three  teeth.     The   patient 
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Fig.  38.         X  80. 
Complete  fibroid  degeneration  of  pulp. 


Complete  fibroid  degeneration  and  calcific  degeneration  of  pulp. 
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complained  of  the  amount  of  food  which  pocketed  into  this 
space  and  of  his  inability  to  clear  it  even  with  a  toothi)iek. 
When  his  mouth  was  examined  it  was  very  obvious  that  it  would 
be  extremely  difficult  to  remove  any  material  which  became 
impacted  between  these  teeth.  Tiie  tooth  was  tender  and 
sliglitly  loose,  and  the  surrounding  gum  was  inflamed. 
When  it  was  extracted  the  periodontal  membrane  was  red 
and  inflamed.  A  small  area  of  absorption  about  2  nun. 
below  the  enamel  margin  could  be  seen  with  a  lens,  and  the 


Fig.  40.         X  75. 
Absorption  of  cementum  and  dentine. 


apical  foramen  seemed  larger  than  usual.  The  tooth  was  fixed 
and  decalcified  in  the  usual  way,  sections  were  cut,  and  Fig.  40 
shows  the  area  of  absorption.  In  other  sections  it  ai)pearod  to 
be  a  good  deal  larger. 

The  pulp  was  found  to  be  normal,  but  on  each  side  of  the 
dentine  near  the  apex  of  the  tooth  there  were  areas  of  hypo- 
plastic cementum.  The  inflamed  periodontal  nuiiihrane  is 
well  shown  (Fig.  41). 

Fig.  42  shows  the  apical  foramen,  and  the  periodontal  nuin- 
brane  can  be  seen  passing  round  the  apex  into  the  pulj).  This 
case  is  of  interest  as  it  shows  the  results  of  footl  im})acted 
between  teeth.     The  injury  was  severe  enough  to  cause  infection 
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Fig.  41.         x  75. 
Hypoplastic  cementum,  inflamed  periodontal  membrane. 


Fig.  42.  ,75. 

Apical  foramen  of  pulp  canal.      Pciiodonlal   mcmbiane  invading 

pul]). 
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Fig.  43.         ,.  uO. 
Caries,  secondary  dentine  and  pulpitis. 


Fig.  44.         x  7. 
Dentigerous  cyst  containing  pre-molar  attached  to  temporary  niolai 
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of  the  periodontal  membrane,  leading  to  absorption  of  the 
cementum  and  dentine  in  one  area,  and  hypertrophy  of  the 
cementnni  in  another.  I  suggest  that  the  invasion  of  the  pulp 
canal  by  the  periodontal  membrane  was  due  to  the  same 
cause. 

Fig.  43  does  not  need  much  explanation.  It  shows  a  carious 
cavity  with  a  corresponding  area  of  secondary  dentine,  and  a 
small  area  of  inflammation  showing  cellular  infiltration  and 
enlarged  blood  vessels.  Sections  stained  by  Gram  showed 
bacterial  infection  of  the  tubules  in  the  secondary  dentine. 

The  last  section  (Fig.  44)  is  from  a  specimen  of  a  dentigerous 
cyst  given  to  me  by  Mr.  Bocquet  Bull.  It  was  removed 
from  a  girl  aged  eight,  who  had  a  number  of  carious  molars 
and  incisors,  and  was  an  everyday  type  of  case.  No  par- 
ticular notes  were  taken  beyond  the  fact  that  a  number  of 
teeth  must  be  extracted.  When  the  first  lower  temporary 
molar  was  extracted  there  was  a  soft  tumour  about  8  mm. 
in  length  attached  to  its  root.  It  was  smooth  and  red.  On 
examination  what  appeared  to  be  the  open  apex  of  a  tooth  could 
be  seen  quite  distinctly  through  the  wall  of  the  cyst.  The 
specimen  was  fixed  in  10  per  cent,  formalin,  decalcified  in 
33"7  per  cent,  formic  acid  and  mounted  in  celloidin.  Before 
doing  this,  some  part  of  the  temporary  molar  was  cut  away 
to  reduce  its  size.  The  photograph  shows  the  cyst  attached  to 
the  root  of  the  temporary  molar.  The  cyst  wall  is  very  much 
thicker  above  and  on  one  side  than  on  the  other.  The  pre- 
molar is  contained  in  the  cyst,  which  is  lined  by  epithelium, 
and  the  enamel  of  the  tooth  has  been  disintegrated  in  the 
process  of  decalcification.  It  appears  from  this,  that  patho- 
logical changes  in  the  temporary  dentition  are  a  predisposing 
cause  in  the  formation  of  dentigerous  cysts,  involving  the  pre- 
molars and  the  anterior  teeth  of  the  permanent  dentition. 
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Adhesions,  x-ray  diagnosis  of,  390,  391 
Adolescence,  functional  albuminuria  of,  urea 

concentration  test  in,  425,  427 
Adrenal,  heteroplasia  of  medulla  of,  87.  88 
Albrecht  on  development  of  pancreas,  90 

on  hamartomata.  407 

Albuminuria,  prognosis  in,  427,  428 
Alimentary   tract,   anomalies  of  secretion   in 

upper,  243-264 


Alveolar    COj  estimation,  technique   of,  245, 

246 

tension  in  AddLson's  anaemia,  259,  260 

in  gastric  hypersecretion,  253,  254 

in  gastric  liyposecretion,  258 

■ in  relation  to  diabetic  coma,  256 

■ —  in  relation  to  meals,  243,  244,  249 

• ,  variations   in,    due    to    food,    248, 

249 
Anaemia,  pernicious.     See  Addison's  anaemia 
Antral  infection  in  children,  frequency  of,  225- 

228 
Aorta,  ligature  of,  Astley  Cooper  and,  132-135 
Appendicitis,  chronic,  and  appendicular  dys- 
pepsia, 386-399 

, ,  appendix-shadow  in,  389,  390 

, ,  gastric  symptoms  of,  387,  388 

, ,  treatment  of,  397-399 

,  gastric  secretion  in,  400,  401 

Appendicular  dyspepsia,  chronic   appendicitis 

and,  386-399 

,  gastric  secretion  in,  400 

,  symptoms  of,  387,  388 

Appendix,  vermiform,  heterotopic  epithelium 

in.  116.  117 
Artificial  anus,  preparation  for  operation  to 

close,  446.  447 
Atropine,  effect  of.  on  gastric  and  pancreatic 

secretion,  249-251 
Auto-transfusioji  in   case  of  ruptured  splenic 

vein,  220,  221 
• — — ,  indications  for,  221 

Bacillary  dysentery  in  cliildren.  57,  58 
Bacteria-mia  in  acute  otitis  media,  229.  230,  231 
Banti  on  Banti's  disease.  19,  20 
Bastedo's  inflation  test,  in  diagnosis  of  chronic 

appendicitis.  387.  391.  395-397 
Bladder  symptoms  in  chronic  appendicitis.  388 
Blomfield.  8 
Blood,  estimation  of  chloroform  in,  after  death, 

359-366 

,  transfusion  of,  methods  of,  221-224 

Bone  in  the  heart,  102 

in  skin,  102 

formation,  heterotopic,  101-108 

in  walls  of  blood-vessels,  102 

,  the  process   of    heterotopic,    104 

105 
liotiirioceplialus  infections,  anasmias  of.  similar 

to  Addison's,  282,  287 
Bowel,  perforation  of  the  large,  five  cases  of, 

441-454 
Branchial  cysts,  203-206 

,  development  of,  90,  91 

Bronchi,  epitiielial  metaplasia  in.  111,  112 

Crecal  stasis,  in  chronc  appendicitis,  394 
C.TCum.    perforation    of,    during   appendicitis, 

444,  445 
Cancer,   juxta-pyloric,   secretory   disturbances 

in,  263,  264 
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Capsule  of  organs,  role  of,  in  inhibiting  ex- 
cessive growtli,  415,  -116 

Carotid,  Astley  Cooper  and  ligature  of,  129-131 

Cartilage  formation,  10.'>.  106 

,  lieterotopic,  106,  353-356 

Cell  proliferation  contrasted  witli  functional 
differentiation,  200 

"  Cell-rests,"  so  called.  208,  209,  210  «.,  21"  n. 
419.  420 

Cells,  displaced,  differentiation  of,  121,  122 

,  prospective  potentialities  of,  in  relation 

to  heteromorplioses,  82,  83,  90,  91 

,  undifferentiated,  question  of  their  sur- 
vival, 208-210,  217  h. 

Chaulfard  on  fragility  of  red  corpuscles,  20 

Cheselden,  5 

Chloroform  in  blood  after  death,  estimation  of, 
359-366 

Cholelitliiasis,  gastric  secretion  in,  401 

■■  Choristomata,"  354 

Cirrhosis  of  liver  in  splenic  anwmia,  24 

Citrate  metliod  of  blood  transfusion,  222,  223 

CHne,  1,  2.  3,  11,  141,  142,  146 

Cloaca,  glands  of  the,  99 

Cohnheim's  theory  of  tumour  formation,  194, 
195 

Colitis,  infantUe,  from  heat,  55,  56,  57,  58 

Colon,  pelvic,  growths  of,  449,  450,  451 

■ . ,  rupture  of  malignant  ulcer  of,  447- 

452 

, ,  ruptured  stercoral  ulcer  of,  441-444 

, ,  traumatic  rupture  of.  445-447 

Concretions,  recognition  of,  in  chronic  appen- 
dicitis, 392 

Constipation  in  chronic  appendicitis,  388 

Cooper,  Astley,  1-18 

— ■ — ,  and  ligature  of  arteries,  129-135 

,  and  medical  societies,  142-144 

,  and  other  surgeons,  145-147 

,  and  strangulated  hernia,  137-139,  143 

,  as  an  examiner,  144,  145 

,  as  a  teacher,  16-18 

,  his  character,  149-152 

,  his   lectures   on    comparative    anatomy, 

139-141 

,  his  operation  on  King  George  IV,  141, 142 

,  his  publications,  135,  136 

,  his  work  at  Guy's  and  St.  Thomas's,  12-16 

Coupiand  on  syphilitic  splenic  anaemia,  27 

Crutch  pressure  as  cause  of  thrombosis  of 
brachial  artery,  434,  435 

Cullen,  11 

Cysts,  branchial,  203-206 

,  thyro-glossal,  214-216 

Dental  histology,  some  notes  on,  455-484 
Dentigerous  cyst,  histology  of,  484 
Developmental     anomalies     in     relation     to 

tumours,  196 
Diabetes    mellitus,    255-257.     See    Pancreatic 

hypersecretion 
Diarrhcea,  summer,  on  the  nature  of,  50-61. 

And  see  Summer  diarrhcea 
Dietl's  crises,  causes  of,  315,  316 
Displacement  of  tissue  in  tissue  malformations, 

357 
Diverticula  considered  as  hyperplasias,  216 
Dodds  on  effect  of  food  on  alveolar  COj,  243,  247 
Duodenal  Ileus,  chronis,  436-440 

, ,  setiology  of,  436,  437 

, ,  complications  of,  437,  438 

, ,  symptoms  of,  437 

, ,  treatment  of,  438-440 

ulcer.     See  Gastric  and  duodenal  ulcer 

Diiodeno-jejunostomy,    for    chronic    duodenal 

obstruction,  438,  439,  440 


Duplication  of  parts  considered  as  hyperplasia, 

216 
Dwarfism,  renal,  62,  64,  65 

, ,  features  of,  65 

, ,  urea  concentration  test  in,  426,  428 

Dyschezia,  in  chronic  appendicitis,  394 
Dysentery  in  infants,  from  heat,  55,  56 
Dysmenorrhoea  in  chronic  appendicitis,  388 
Dyspepsia,  appendicular,  chronic  appendicitis 

and,  386-399 
Dyspeptic  symptoms,  causal  relation  of  chronic 

appendicitis  to,  386,  387 

j;ducation,  medical,  in  Cooper's  time,  4,  5 
Efficiency,  tests  for  physical,  367-385 
Embryonic  organs,  persistent,  212-216 

rests,  97 

Enteritis,  infective,  52 

KiifcKi-anastomosis  for  "  vicious  circle,"  72 
Knteriisiiasm.  in  chronic  appendicitis,  395 
Epidermoid  cysts,  traumatic,  412,  413 
Epigastric  hernia,  430-433 

,  symptoms  of,  430,  431 

,  treatment  of,  431,  432 

Epigenesis  in  relation  to  cell  development,  83 
Epistaxis  in  splenic  anEcmia,  23 
Epithelia,  abnormal  blending  of,  413-416 

,  role  of  the,  122 

Epithelial  extensions  and  carcinoma,  408 

growth,  restraining  influences  upon,  415 

inclusions  in  lymph-glands,  352,  353 

Epithelium,   columnar,  rarity  of  heterotopic 
115 

,  fatty  changes  of,  418,  419 

,  heterotopic  squamous,  111,  112,  113 

• in  embryonic  oesophagus,  207 

,  metaplasias  of,  108-126 

of  branchial  cysts,  characters  of,  204,  205 

,  physiological  tendency  of,  to  cover  raw- 
surfaces,  410 

• ,  physiological  tendency  of,  to  extension, 

408 

■ ,  squamous,  92 

,  transitional,  92 

Erdheim  on  lingual  struma,  206 
Exercises  for  test  of  physical  efficiency.  367, 
373,  374,  375,  376,  380,  381 

Fat-prolapses  through  linea  alba,  430 
Patty  changes  of  epithelium,  418.  419 
Penwick  on  secretory  anomalies  in  Addi.son's 

ansemia,  259,  261 
Pibroblasts,  role  of,  107,  108,  122 
Pinney's  operation,  71 
Pixation  abscess  in  blood  infections,  question 

of,  232,  233 
Focal  sepsis  and  chronic  appendicitis,  398,  399 
and  splenic  anaemia,  27,  28 

Gaertner,  duct  of,  persistence  of,  213,  214 
Gastric    acidity,   curves    of,    in     rlieumatoid 

arthritis,  309 

, ,  in  various  diseases,  307 

analyses,  series  of  425  fractional,  302-314 

analysis,  methods  of,  244,  245 

Gastric  and  duodenal  ulcer,  after  histories  of 

operation  in,  177-187 

,  age  and  sex-incidence  of,  175,  176 

,  excision  of,  179,  180 

,  gastric  acidity  curves  in,  308,  309 

,  late  results  of  operation  in,  174-187 

,  localisation  of,  176,  179 

■ ,  operative  mortality  in,  175 

Gastric  hypersecretion,  252-255 

• hyposecretion,  257,  258 

secretion,  continuous  nature  of,  249-251 
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Gastric  secretion  in  appendicitis  and  cliolelitlii- 
asis,  400,  401 

Gastro-lntestinal  lieteroplasias,  87 

symptoms  of  summer  diarrlioea,  55.  56 

Gastro-jejunostomy,  operation  for  abolition  of, 
73 

,  recurrence  of  symptoms  after,  180-182 

,  test-meals  in  eases  of,  183-186,  187 

,  "  vicious  circle  "  after,  68-74 

Oastro-pancreatic  liyposecretion,  259-261 

Gastro-succorrhfra,  255 

Gaucher  on  splenomegaly.  20 

Generative  organs,  female,  heteroplasias  of,  88, 
89 

Genital  ducts,  epithelial  metaplasia  in,  112 

Genu  valgum  in  late  rickets,  65,  06 

in  renal  dwarfism,  65 

Gteorge  IV,  Cooper's  operation  on,  141,  142 

Gibson,  A.  G.,  on  streptothri.\  in  cases  resem- 
bling Banti's  disease,  26 

Giffin  on  tuberculosis  of  spleen,  28 

Glomerular  formations  in  an  epithelial  hetero- 
morphosis,  76 

Gretsel  on  splenic  anaemia,  19 

Guy's  Hospital  Pupils'  Physical  Society,  10 

series  of  cases  of  splenic  anaemia,  21 

Haematemesls  in  appendicular  dyspepsia,  388 

in  splenic  anaemia,  22.  23 

Hair  follicle,  malformed,  420,  421 

Haldane-Priestley  method  of  estimating  alve- 
olar CO.,  245 

Hamartomata.angiomata  as,  203 

in  breast,  407,  408 

Heat,  clinical  effects  of  exposure  to,  in  infants, 
54 

disturbance  in  children,  prognosis  of,  58 

disturbance  in  infants,  54-59 

,  long-continued,  prejudicial  to  infants,  52- 

54 

stroke  in  children,  58 

Herbst's  experiments  on  regeneration  of  eye  cf 
crabs,  82,  83 

Hernia,  epigastric,  430-433.  And  see  Epi- 
gastric hernia 

■ ,  strangulated.  Astley  Cooper  and,  137-139 

Herxheimer  on  the  kidneys  of  infants,  80,  81, 
201 

on  tissue  malformations,  199,   200,  201, 

202 

Heteromorphosis,  epithelial,  in  the  human  body, 
75-127,  410-412 

, ,  in  process  of  formation,  76-84 

Heteroplasias,  75,  84-91,  211,  212 

Heterotopic  bone  formation,  101-108 

cartilage,  106,  353-356 

differentiation,  94-101,  411 

epithelium  in  proliferations,  exi)lanations 

of,  118 

epithelium,  situations  for,  120 

lymph  nodes,  416-418 

striated  muscle,  346-352 

tissues,  conclusions  as  to,  358 

tissues  in  kidneys,  345.  346 

Hey,  146, 147 

H-ion  concentration  in  relation  to  gastric 
secretion,  246,  247 

Hollins  on  experimental  splenomegaly,  26 

Hour-glass  stomach,  spasmodic,  in  chronic 
appendicitis,  392 

Hunter,  John,  9,  10, 11 

Hunter,  J.,  and  ligature  of  carotid,  129 

Hunter,  William,  9.  10 

Hurst  on  indications  for  splenectomy,  29 

Hydronephrosis  from  abnormal  renal  vessels, 
321-323,  324-327 


Hyperchlorhydria  in  appendicular  dyspepsia  ,400 
Hyperpiesis,  urea  concentration  test  in,  428 
Hyperplasias,  211,  403-410 

and  tumours,  403-405 

Hypersecretion,  gastric,  252-255 

'• ,  gastric,  in  chronic  appendicitis,  387 

• ,  pancreatic,  255-257 

Hypertonus  of  stomach  in  chronic  appendicitis, 

392 
Hypoplasias,  200-210,  402,  403 
HyjHisecretion,  gastric,  257,  258 
• ,  pancreatic,  258,  259 

Ileal  stasis  in  chronic  appendicitis,  393,  394 

Ileus,  chronic  duodenal,  436-440 

Iliac  artery,  external,  ligature  of,  132 

Inflammatory  proliferations,  heterotopic  epi- 
thelium in, 115-117 

Intoxication,  heat,  59 

symptoms  in  acute  infective  enteritis,  57, 

59 

Irritation  theory  of  tumour  formation,  194 

Keratohyalin,  92.  410 

Kidney,  granular,  adenoma  of,  404,  405 

,  leaky,  urea  concentration  test  in,  425,  427 

Kidneys,  heterotopic  tissues  in,  345,  340 

of  infants,  anomalies  of,  201 

Knock-knee,  adolescent,  two  cases  of,  62-67 

Lachrymal  duct,  epithelial  extension  in,  408, 
409 

Lavage,  gastric,  for  "  vicious  circle,"  72 

Leaky  kidney,  425,  427 

Lewis  on  paroxysmal  tachycardia,  234 

Linea  alba,  hernia  of,  430 

Lingual  struma,  206 

Liver  cells  invading  suprarenal  epithelia,  414, 
415 

,  power  of,  to  infiltrate  surroundings,  416 

Liver,  cirrhotic,  multiple  nodules  in,  404 

,  maldevelopments  of,  202,  203 

,  localised  sub-capsular  atrophy  of,  402,  403 

Lucas,  Clement,  on  "late  rickets  with  albu- 
minuria," 62 

Lymph-glands,  epithelial  inclusions  in,  352,  353 

Lymph  nodes,  heterotopic,  416-418 

Lymphoid  formation,  new,  in  thyroid,  417,  418 

"  Malformation,"  definition  of,  407 

Malformations,  acquired  tissue,  402 

,  congenital,  197 

,  ti-ssue,  75,  197-217.  333-358 

, ,  classification  of,  199 

Mandible,  architecture  of,  455,  456 

Mastitis,  chronic,  condition  resembling  fibro- 
adenoma in,  406.  407 

Mayo  Clinic,  operative  mortality  of  splenectomy 
at,  30 

Mayo,  W.  J.,  on  splenectomy  for  syphilitic 
splenomogaly,  27 

Medlock  on  splenic  disease  and  focal  infection. 
28 

Melanomata  of  skin,  origin  of,  193,  194 

Mesenteric  vessels  as  cause  of  chronic  duodenal 
obstruction.  430.  437 

iletanephric  tubules  in  round  ligament  of 
uterus.  346 

Metaplasia,  explaration  of,  124,  125,  410 

Metai)lasias  compared  with  heteroplasias  of 
development.  119 

of  ei>ithehum,  108-126 

Meyer  on  displacements  of  tissue.  357 

on  the  parovarian  einthelium,  97 

on  tissue  malformations  of  female  genera- 
tive organs,  199 


488 


INDEX 


Milk  ill  relation  to  diarrhoea,  51,  52,  Gl 
Moles,  cutaneous,  333-338 

, ,  structure  of,  333,  334 

in  relation  to  nielar.oniata,  193 

Monsters,  75 

— — ,  causation  of,  76 

Mortality  in  summer  diarrhwa,  50,  51,  52 

Muscle,  heterotopic  striated,  346-352 

Najvi,  pigmented,  333-358 
X8e\iis-cells,  333-337 

,  epithelial  origin  of,  334 

,  fate  of  the.  336,  337 

Jsausea  in  chronic  apiiendicitis,  387 

Necrotic    tissue,    calcification    in,    and     bone 

formation,  101-105 
Xephritis,  interstitial,  in  renal  dwarfism,  64, 

65 
Normoplasia,  92 

Obstruction  of  bowel,  high,  case  of,  453,  454 
oesophagus,  upper  cardiac  glands  of,  84-87,  211, 

212 
Osier  on  splenic  ansemia,  20,  22,  23 
Otitis  media,  septici«niia  in,  229-233 

Pain,  epigastric,  in  chronic  appendicitis,  387 

• ,  visceral,  distension  the  stimulus  to,  397 

Pancreas,  heteroplasia  of,  87 
Pancreatic  hypersecretion,  255-257 

■ ■  hyposecretion ,  258,  259 

secretion,  continuous  nature  of,  249-251 

Parasitic  theory  of  tumours,  194 

Parovarium,  the,  212,  213 

Paroxysmal  tachycardia,    234-241.     And   sec 

Tachycardia 
Perforation  of  the  large  bowel,  five  cases  of, 

441-454 
Peristalsis,  reversed  gastric,  in  chronic  appen- 
dicitis, 393 
Peritonitis,  chronic,  in  splenic  ansRmia,  25 
Physical  efficiency,  fallacies  in  testing,  378,  379 

■ ,  tests  for,  367-385 

Pigment,  place  of  origin  of,  335 

Pituitary,  heterotopic  squamous  epithelium  in 

the,  94-96 
Pollack  on  bone  formation  in  calcareous  glands, 

102 
Polypi,  epithelial  metaplasia  in,  lOC-111 
Pott,  Percival,  7,  8 

Preformation  in  relation  to  cell  development.  83 
Pregnancy,  toxfemias  of,  urea   concentration 

test  in,  428 
Pre-molar,  accidental  removal  of,  in  extracting 

temporary  molar,  458,  461 
Pro-glomeruli   in    epithelial    heteromorphosis, 

76-81 
Proliferation  contrasted  with  functional  difl'er- 

entiation  of  cells,  200 
Prosoplasias,  the,  92-94,  410 
Prostate    cases,    urea    concentration    test    in 

prognosis  of,  428 
Prostatic  cells,  heterotopic,  97,  98,  99 

tissue  in  the  urachus,  97,  98 

Prussian-blue   reaction  in   Addison's  anaemia, 

281,  282,  283 
Pulse,   effects   of  exercise   on,  in    relation   to 

temperatures,  373 
— ^  fiffect  of  temperature  and  moisture  on, 

371,  372 
Pulse-rate  and  pulse-ratio,  377,  378 

at  rest  and  after  exercise,  382 

■ ,  average  and  range  of,  classified  according 

to  training,  370 
.average  and  range  of,  in   resting  men, 

367,  368,  369 


Pulse-rate,  average  and  range  of,  in  resting 

women,  368,  369 
in  relation   to  weight  and  surface  area. 

369 
• ,  variations  of,  according  to  times  of  day, 

374 
Pulse-ratio,  as  indicator  of  physical  fitness,  367, 

375 

,  calculation  of  efficiency  from,  375,  377 

,  effect  of  practice  in  exercises  on,  380 

■ tests,  results  of,  383 

,  value  of,  as  test  for  physical  efficiency, 

384,  385 

,  variations  in,  379 

Pyloric  ulcer,  heterotopic  epithelium  in,  116 
Pyonephrosis  from  abnormal  renal  vessels,  323, 

324 
Pyorrhoea  alveolaris,  pathological  changes  in, 

477,  479,  481 

Piectal  stasis  in  chronic  appendicitis,  394 

Eeflexes,  reversible,  between  hollow  viscera 
and  parietes,  433 

Kegeneration  of  tissues,  123 

Eeichmann's  syndrome,  252.  See  Gastric 
hypersecretion 

Renal  blood-vessels,  abnormal,  316,  317 

Renal  colic,  causes  of,  318,  319 

• ,  differential  diagnosis  of,  318 

,  kinking  of  ureter  over  abnormal  blood- 
vessel as  a  cause  of,  315,  317,  318 

Renal  disease,  chronic,  urea  concentration  test 
in,  425,  426,  427 

Renal  dwarfism,  62.  64,  65 

— — ,  bibliography  of,  67 

,  features  of,  65 

Renal  infantilism.     See  Renal  dwarfism 

Ribbert's  modification  of  Cohnheim's  theory 
of  tumours,  195,  196 

Rickets,  late,  62 

, ,  a  case  of,  65,  66 

Rosenow  on  relation  of  streptococci  to  appen- 
dicitis, 398 

Rovsing's  sign  of  appendicitis,  396,  397 

Salivary  ducts,  epithelial  metaplasia  in.  111 
Schaffer  on  upper  cardiac  glands  of  oesophagus,  84 
Schmidt   on   epithelium   of  alimentary    canal 

when  inflamed,  115,  116 
Schridde     on     development     of     oesophageal 

epithelium,  85.  86,  87 

• on  goblet  cells  of  bladder,  115 

on  nasal  polypi,  109 

on  transitional  epithelium,  92 

Secretion,  anomalies  of,  in  upper  alimentary 

tract,  243-264 
Secretory    disturbances    in    deranged    pyloric 

function,  261-264 
Septicfemia  in  otitis  media,  229-233 
Sharp,  Samuel,  5-7,  8,  9 
Sinus  thrombosis  with  septicaemia,  232 
Skin  sepsis  in  infants,  common  in  summer,  54 
Spermatogenesis   in    undescended    testicle    at 

age  of  ten,  411 
Spleen,  enlargement  of,  in  splenic  ansemia,  23 
Splenectomy  for  ruptured  splenic  vein,  220 

in  splenic  anaemia,  29,  30 

Splenic  anjemia,  age-incidence  of,  22 

and  chronic  splenomegaly,  19-49 

,  case  histories  of,  31-43 

,  clinical  history  and  symptoms  of,  21-23 

,  focal  sepsis  in  relation  to,  27,  28 

,  morbid  anatomy  of,  23-25 

.  operative  mortality  in,  29,  30 

,  organisms  in  relation  to,  26 

,  pathogenesis  of,  25,  26 
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Splenic   anaemia,  syphilis   in   relation   to,   26, 

27 

,  sypliUitic,  27 

,  tabular  summary  of  26  cases  at    tiuy's 

Hospital,  44-49 

,  treatment  of,  29,  30 

,  tuberculosis  in  relation  to,  28 

Splenic  flexure  of  colon,  perforation  of  malignant 

ulcer  of,  452,  453 
Splenic  vein,  spontaneous  rupture  of,  219-224 
Splenomegaly,  forms  of,  19,  20,  21 
Stair-climbing,    as    exercise    to    test    physical 

efficiency,  376,  377 
Stasis,  intestinal,  in  chronic  appendicitis,  393, 

394 
Stercoral   ulcer   of   pelvic    colon,    rupture    of, 

441-444 
Stomach,  syphilis  of  the,  188-192 
Summer  diarrlioea,  milk  as  possible  vehicle  of 

infection  in,  50,  51,  52 

,  on  the  nature  of,  50-61 

,  relation  of  heat  to,  50 

,  treatment  of.  60,  61 

Suprarenal  cells,  power  of,  to  invade  strange 

epithelia,  411,  412 
Suprarenals,  accessory,  338-345 

, ,  sites  of,  343 

Syphilis  and  splenic  anaemia,  26,  27 

of  the  stomach,  two  eases  of,  188-192 

Tachycardia,  paroxysmal,  234-241 

, ,  aetiology  of,  238,  239 

, ,  clinical  features  of,  236,  237 

, ,  diagnosis  of,  237,  238 

, ,  prognosis  of,  241 

, ,  treatment  of,  239,  240 

Teeth,  ankylosed,  461 

,  fixed  by  fibrous  attachment,  467 

.hinged,  461,  462 

infections  in  relation  to  chronic  appendi- 
citis, 398,  399 

,  temporary,  histology  of,  469,  472,  473 

Temperature  and  weight  curves  in  infantile 
infective  enteritis,  56,  57 

— — ,  effect  of.  on  pulse-rate,  372,  373 

Temperatures,  deep  and  surface,  as  affected  by 
external  temperature  and  moisture,  371,  372 

Tenderness  in  chronic  appendicitis,  388,  391, 
392 

Teratomata,  348 

,  complex,  75 

,  confusion  of  tissues  and  organs  in,  351 

Test-meals,  fractional,  in  gastro-jejunostomy, 
183-186,  187 

, ,  in  syphilis  of  the  stomach,  189,  190 

,  response  of  normal  men  to,  251,  252 

Testicle,  imperfect  descent  of,  330 

• ,  spastic  retraction  of  the.  328-332 

.spastic  retraction  of  the,  clinical  ciiar- 

acters  of,  329 


Testicle,  undescended,  hyperdifferentiation  in, 

411 
Tlirombosis  of  brachial  artery  from  crutch  pres- 

siue,  434,  435 

,  venous,  in  splenic  ana?mia,  24 

Thyro-glossal  cysts,  214-216 
Thyroid,  accessory.  215,  216 

,  new  lymphoid  formation  in,  417,  418 

.  heterotopic  squamous  epithelium  in,  113- 

115 

,  hyperplasia  of.  211 

Toxaemias    of  pregnancy,  urea    concentration 

test  in,  428 
Transfusion  of  blood,  methods  of,  221-224 
Traumatic  epidermoid  cysts,  412,  413 
Tuberculosis  and  splenic  anicmia,  28 
Tumour  formation,  studies  on,  193-218,  333- 

358, 402-422 
Tumour-growth,  laws  of,  80 
Tumours,  theories  of  causation  of,  193-197 

Ulcer,   gastric  and   duodenal,  late   results  of 

operation  in,  174-187 

, ,  localisation  of,  176 

,  juxta-pyloric,  secretory  disturbances  in, 

261-263 
Ulcer  of  pelvic  colon,  malignant,  447-452 

,  stercoral,  441-444 

Ulcer  of  splenic  flexure,  malignant,  perforation 

of,  452,  453 
Urachus,  prostatic  tissue  in  the,  97,  98 
Urea  concentration  test,  the,  423-429 
,  clinical  classification  of  cases  of  its  use, 

425-427 

■ ,  technique  of,  423,  424 

Urea  excretion  in  healthy  kidneys,  427 
Ureter  obstruction  of,  by  abnormal  renal  blood 

vessels,  315-327 

"  Vicious  circle,"  68-74 

,  aetiology  of,  68,  69 

■ ,  characteristic  vomiting,  in,  70 

,  details  of  operation  for,  73,  74 

,  diagnosis  of,  70 

,  mechanism  of,  69 

,  prophylaxis  of,  70-72 

,  symptoms  and  signs  of,  70 

.  treatment  of.  72,  73 

VitelUne  duct,  the.  99-101 

,  development  of  the,  100 

,  epithelium  of  tlie,  99.  100 

Vomiting,    regurgitant,    after    gastro-jejunos- 
tomy, 68-74 

Warner,  Josejih.  7 

Wintemitz  on  tuberculosis  of  spleen,  28 

Wolffian  remains  in  the  female,  96,  97 

X-ray  examination,  value  of,  for  diagnosis  of 
chronic  api)endicitis,  387,  388-395 
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